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The a b b r e v i a t i o n s  and symbols recommended by B io c h e m ,J , ( l9 7 0 )
n X ,  1 a r e  usecU However, i n  i n d i c a t i n g  th e  sequences  o f
o l lg o d e o x y r ib o n u o le o t id e s ,  th e  p r e f i x  "d" ( f o r  deo x y -)  i s  o m i t te d ,
/™3 2f o r  b r e v i t y .  O c c a s io n a l ly  th e  symbol p i s  u sed  t o  i n d i c a t e  A -
p h o sp h a te  i n  a n u c l e o t i d e .
A d d i t io n a l  a b b r e v i a t i o n s  u se d  a r e s -
Ad Human a d e n o v iru s
BSA Bovine serum album in
mo E n c e p h a lo n iy o c a rd i t is  v i r u s
MeO 5“m eth y lo y t i  d i  ne
MVM M inute v i r u s  o f  mice
PPG 2 5 5-“d ip h e n y l  oxaz o le
RV Kilham  r a t  v i r u s
SSC S ta n d a rd  s a l i n e  c i t r a t e
SV40 Sim ian  v i r u s  40
TEA G Triethylamm onium  c a rb o n a te
TCÂ T r i c h l o r o a c e t i c  a c i d
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1 ,1  GENOIvlI STRUCTURE AND lOTGTION 
1 ,1*1  I n t r o d u c t i o n
T h is  t h e s i s  i s  co n ce rn ed  w i th  some a s p e c t s  o f  th e  s t r u c t u r e  o f  
genomes, and  p o s s i b l e  i n t e r p r e t a t i o n s  i n  te rm s of fu n c t io n *  I n  t h i s  
s e c t i o n  some g e n e r a l  f e a t u r e s  o f  genome s t r u c t u r e ,  o r g a n i s a t i o n  and 
f u n c t io n  a r e  d i s c u s s e d ;  o n ly  s t a t i c  a s p e c t s  a r e  d e a l t  w i t h ,  dynamic 
and tem p o ra l  c o n s i d e r a t i o n s  b e in g  e x c lu d ed . The term  "genome" i s  
g e n e r a l l y  u se d  t o  d e s c r ib e  t h e  g e n e t i c  complement o f  an  o rg an ism . Here 
t h e  te rm  i s  ta k e n  t o  i n d i c a t e  th e  p l iy s ic a l  s t r u c t u r e  o f  th e  complement 
o f  genes and a s s o c i a t e d  e n t i t i e s ,  such a s  c o n t r o l  s i t e s ,  and a l s o  
p o r t i o n s  o f  g e n e t i c  m a t e r i a l  w i th o u t  any f u n c t io n  d e f i n e d 'a t  p r e s e n t .
Genome f u n c t i o n  i n  a u n i c e l l u l a r  organ ism  has  two a s p e c t s .  F i r s t ,  
t h e  m e ta b o l ic  a c t i v i t y  o f  t h e  c e l l  must be m a in ta in e d  and c o n t r o l l e d .
T h is  in v o lv e s  t r a n s c r i p t i o n  o f  RNA from th e  genome t o  p rod uce  s p e c i f i c  
p r o t e i n s ,  and a l s o  p r o d u c t io n  o f  o th e r  RNA s p e c ie s  -  r ib o s o m a l  RNAs, 
i n c l u d i n g  5^  RNA, and  t r a n s f e r  RNAs, S u i t a b l e  c o n t r o l  sys tem s must 
e x i s t  t o  g o v e rn  th e s e  a c t i v i t i e s .  Second, th e  genome must c o n ta in  
e lem en ts  r e s p o n s i b l e  f o r  i t s  own r e p l i c a t i o n  and f o r  c e l l  d i v i s i o n .
These a c t i v i t i e s  must a l s o  be  m ed ia ted  th ro u g h  s p e c i f i c  p r o t e i n  p r o d u c t io n .  
In  th e  s im p le s t  genomes, th o s e  o f  v i r u s e s ,  t h e  f i r s t  of. t h e s e  f u n c t i o n a l  
c l a s s e s  i s  n e g l e c t e d ,  and e s s e n t i a l l y  a l l  genome a c t i v i t y  i s  concerned  
w i th  r e p l i c a t i o n .  In  com plex, m u l t i c e l l u l a r  o rg an ism s , b o th  a s p e c t s  
a r e  much e l a b o r a t e d :  d i f f e r e n t  c l a s s e s  o f  d i f f e r e n t i a t e d  c e l l s  have
d i s t i n c t  m e ta b o l ic  a c t i v i t i e s  and g row th  c h a r a c t e r i s t i c s .
P rom inen t a s p e c t s  o f  genome s t r u c t u r e  and f u n c t io n  i n  b a c t e r i a ,  v i r u s e s
11
and e u c a ry o te s  a r e  now d i s c u s s e d  i n  t u r n .  The f i e l d  c o v e red  i s  so wide 
t h a t  i t  i s  d i f f i c u l t  t o  g iv e  a d e q u a te  acknowledgement o f  s o u r c e s :  
r e f e r e n c e s  i n  t h i s  s e c t i o n  a r e  t h e r e f o r e  in te n d e d  t o  be i l l u s t r a t i v e  
r a t h e r  th a n  e x h a u s t iv e .
1* 1 ,2  B a c t e r i a-me’TrtBr. «mwewMP##
T h is  t o p i c  i s  d i s c u s s e d  a t  l e n g th  by Hayes ( 1968 ) ,
Most o f  t h e  m a t e r i a l  .fo r  b a c t e r i a  i s  b a sed  on d a ta  f o r  E s c h e r i c h i a  
c o l i . A lthou gh  f a s t - g r o w in g  c e l l s  o f  t h i s  b a c te r iu m  may c o n ta in  
s e v e r a l  chromosomes, t h e  r e s t i n g  " h a p lo id "  c o n d i t io n  co m p rise s  a s i n g l e ,  
c y c l i c  chromosome o f  d o u b le - s t r a n d e d  DM w ith  a  m o le c u la r 'w e ig h t  o f  
2 ,8  X 10^ ( C a i r n s ,  I 963 ) ,  U n in te g r a te d  episom es a r e  a l s o  fo u n d .  
C i r c u m s ta n t i a l  ev id e n ce  i n d i c a t e s  t h a t  th e  chromosomal DNA c o n s i s t s  o f  
one c o n t in u o u s  d ou b le  s t r a n d ;  how ever, i t  i s  s t i l l  p o s s i b l e  t h a t  " l i n k s "  
a r e  p r e s e n t ,  e , g ,  o f  p r o t e i n .  U n lik e  e u c a r y o t i c  DNA, t h i s  chromosome 
p ro b a b ly  c o n ta in s  no l a r g e  r e p e a t e d  s e c t i o n s ,  e x c e p t  f o r  r ib o so m a l  genes 
( B r i t t e n  & Kohne, I 968 ) ,
An E, c o l i  chromosome c o n ta in s  ab o u t  4 «5 % 10^ b ase  p a i r s  ( C a i r n s ,
1963 ) ,  enough t o  code f o r  s e v e r a l  th o u sa n d  p r o t e i n s .  Only a f r a c t i o n  
o f  th e  p o s s i b l e  p r o t e i n s  have so f a r  been c h a r a c t e r i s e d ,  b u t  t h e r e  i s  no 
good r e a s o n  f o r  su p p o s in g  t h a t  most o f  E»£q]_i DNA i s  n o t  p o t e n t i a l l y  
f u n c t i o n a l  i n  co d in g  f o r  p r o t e i n ,  and f o r  r ib o so m a l and t r a n s f e r  RNAs,
In  b a c t e r i a ,  many i n s t a n c e s  a r e  known where t h e  enzymes o f  a 
m e ta b o l ic  pathw ay a r e  s p e c i f i e d  by a c l u s t e r  o f  genes  s u b j e c t  t o  co­
o r d i n a t e  c o n tro l*  Jaco b  & Monod ( 1961) c a l l e d  such  a sy s tem  an "operon"
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E p s te in  & B eckw ith  ( I 9 68 ) have  d e f in e d  an operon a s  "a g roup  o f  
c o n tig u o u s  s t r u c t u r a l  genes  showing c o - o r d in a te  e x p re s s io n  and t h e i r  
c l o s e l y  a s s o c i a t e d  c o n t r o l  s i t e s " .  C o n tro l  s i t e s  com prise  s t a r t  and 
s to p  s i g n a l s  f o r  t r a n s c r i p t i o n ,  s t a r t  and s to p  s i g n a l s  f o r  t r a n s l a t i o n ,  
and s i t e s  o f  a c t i o n  o f  r e p r e s s o r s  ( i . e .  " o p e r a to r "  s i t e s ) .  The 
s t r u c t u r a l  gene f o r  r e p r e s s o r  s y n t h e s i s  i s  no t  n e c e s s a r i l y  c l o s e l y  
a s s o c i a t e d  w i th  t h e  o p e ro n , and i s  n o t  c o n s id e re d  p a r t  o f  th e  o pe ro n . 
A d d i t i o n a l ,  i n t r a o p e r o n  t r a n s c r i p t i o n  i n i t i a t i o n  s i t e s  can he p r e s e n t  
i n  p o l y c i s t r o n i c  o p é ro n s  (B a u e r le  & M a rg o l in ,  I 9 6 6 ; Morse & Y anofsky, 
1968 ) .
C o n tro l  o f  p r o t e i n  s y n t h e s i s  i n  b a c t e r i a l  op é ron s  a p p e a rs  t o  a c t  
a t  th e  l e v e l  o f  t r a n s c r i p t i o n .  There  i s  a t  p r e s e n t  no good ev id en ce  
f o r  t h e  e x i s t e n c e  o f  t r a n s l a t i o n a l - l e v e l  c o n t r o l s  i n  b a c t e r i a  (E p s te in  
& B eckw ith , 19 6 8 ) , In  t h e  b e s t  s t u d i e d  sy s te m s , where th e  r e p r e s s o r  
m o lecu le  has  been  c h a r a c t e r i s e d ,  th e  c o n t r o l  i s  n e g a t iv e  i , e ,  t h e  system  
i s  r e p r e s s e d  when th e  c o n t r o l  e lem ent i e  a s s o c i a t e d  w i th  th e  DNA ( G i l b e r t  
& M u l l e r - H i l l ,  1966 ) ,  However, t h e r e  i s  g e n e t i c  ev id e n ce  f o r  p o s i t i v e  
c o n t r o l  i n  s e v e r a l  i n s t a n c e s  (E p s te in  & B eckw ith , I 968) ,  P o l y c i s t r o n i c  
o p é ro n s  may a l s o  p o s s e s s  an a d d i t i o n a l  sequence  , o f  a s  y e t  u n d e f in e d  u s e ,  
a t  i n t e r c i s t r o n i c  b o u n d a r ie s  (R e c h le r  & M a r t in ,  19 70), ■ The o r i e n t a t i o n  
o f  an ope ro n  on t h e  DNA c h a in  does n o t  a p p e a r  t o  have f u n c t i o n a l  
s i g n i f i c a n c e  (B eckw ith , S ig n e r  & E p s t e i n ,  1966)*
B a c t e r i a l  DNA must c o n ta in  o th e r  c o n t r o l  sys tem s e . g ,  f o r  
r e p l i c a t i o n .  P r e s e n t  c o n c e p ts  t r e a t  opé ron s  a s  in d e p e n d e n t  f u n c t i o n a l  
u n i t s ,  r e s p o n d in g  d i r e c t l y  t o  t h e  p re se n c e  o f  e f f e c t o r  m o le c u le s .  I t
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i s  n o t  knovm w h e th e r  such  p ie c e m e a l  re s p o n se  c o n s t i t u t e s  t h e  h ig h e s t  
c o n t r o l  l e v e l  i n  b a c t e r i a  o r  v i ie th e r  more g e n e r a l ,  i n t e g r a t i v e  system s 
o p e r a t e .  Some p o s s i b i l i t i e s  f o r  such  sys tem s a r e  d i s c u s s e d  below*
Ikias & C la rk e  ( 1964 ) have d e s c r ib e d  a system  o f  j o i n t l y  c o n t r o l l e d  
o p é ro n s ,  which th e y  te rm  a " reg u lo n "*  T h is  p a r t i c u l a r  example does n o t  
a f f o r d  any h ig h e r  f u n c t i o n ,  s i n c e  th e  enzymes p roduced  a r e  a l l  conce rned  
w i th  a r g i n i n e  b i o s y n t h e s i s .  O th e r  exam ples o f  m u l t i p le  c o n t r o l s  a re  
fo u n d , f o r  i n s t a n c e  w i th  th e  p ro d u c t io n  o f  E « £ o li  a l k a l i n e  p h o sp h a ta se  
(E c h o ls ,  G aren , G aren & T o r r i a n i ,  1 96 l;G aren  & O t s u j i ,  I 964 ) .
The phenomenon o f  c a t a b o l i t e  r e p r e s s i o n  o f  enzyme s y n t h e s i s  
(M agasanik , I 961 ) may r e p r e s e n t  a s i g n i f i c a n t  g e n e r a l  c o n t r o l  sys tem . 
T here  i s  e v id e n c?  t h a t  enzyme r e p r e s s i o n  by m e ta b o l i t e s  or r e l a t e d  sm a ll  
m o le c u le s  i s  m ed ia te d  by th e  e f f e c t s  o f  th e s e  compounds on th e  
c o n c e n t r a t i o n  o f  c y c l i c  i n  th e  c e l l  (de Crombrugghe, Perlm an
Varmus & P a s t a n ,  1969)* The c y c l i c  AMP p ro b a b ly  a c t s ,  v i a  p r o t e i n  
f a c t o r s j o n  r e g io n s  o f  t h e  genome n e a r  th e  p ro m o te rs  o f  t h e  opé ron s  
in v o lv e d  ( P a s ta n  & P erlm an , 1958; P erlm an , de Crombrugghe & P a s t a n ,  1959) 
T h is  system  th u s  h a s  th e  p r o p e r t i e s  o f  a g e n e r a l  mechanism whereby th e  
p h y s i o l o g i c a l  s t a t e  o f  t h e  c e l l  a f f e c t s  r a t e  o f  enzyme s y n t h e s i s ,  i n  
a d d i t i o n  t o  th e  i n d i v i d u a l  a c t i o n s  o f  c l a s s i c a l  i n d u c t i o n / r e p r e s s i o n  
sy s tem s .
The d i s c o v e ry  o f  sigma f a c t o r ,  a p r o t e i n  which d e te rm in e s  th e  
i n i t i a t i o n  s i t e  s p e c i f i c i t y  o f  E . c o l i  RNA po lym erase  (B u rg e s s ,  T ra v e r s ,  
Bunn & B a u tz ,  I 969 ) s u g g e s t s  p o s s i b l e  mechanisms o f  g e n e r a l  m e ta b o l ic  
c o n t r o l :  i f  s e v e r a l  ty p e s  o f  sigma f a c t o r ,  w i th  d i f f e r e n t  s p e c i f i c i t i e s ,
e x i s t e d  th e n  v a r io u s  p a t t e r n s  o f  operon f u n c t i o n ,  su p e rp o se d  on th e
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d i r e c t  i n d u c t i o n / r e p r e s s i o n  sy s te m s ,  cou ld  r e s u l t *  At p r e s e n t ,  however, 
t h e r e  i s  no e v id e n c e  f o r  such  s igm a-m ed ia ted  c o n t r o l  sys tem s an d , in d e e d ,  
th e y  may n o t  be n e c e s s a r y .  (However, a new sigma f a c t o r  does p la y  a r o l e  
in  phage T4 i n f e c t i o n  ( T r a v e r s ,  1970))»
1 .1 .3  V iru s e s
V iru s e s  have been d e s c r ib e d  a s  c o n ta in in g  e i t h e r  DNA o r  RNA i n  th e
m ature  v i r i o n  (Lv/off &. T o u r n ie r ,  1955). T h is  i s  e s s e n t i a l l y  an e m p i r ic a l
d e f i n i t i o n ,  s i n c e  t h e r e  i s  a t  p r e s e n t  no s t r o n g  re a s o n  f o r  f o r b id d in g  a
m ix tu r e ,  a p a r t  from  i d e a s  o f  economy o f  f u n c t io n  and fo rm . V i r a l
genomes have a v a r i e t y  o f  s t r u c t u r a l  fo rm s. DNA i s  found doub le  and
s in g le  s t r a n d e d ,  and i n  a c y c l i c  and c y c l i c  fo rm s. Some v i r a l  MA
m o le c u le s  c o n ta in  s i n g l e - s t r a n d  n i c k s ,  some can be e x t r a c t e d  a s  a
c o l l e c t i o n  o f  c i r c u l a r l y  perm uted  a c y c l i c  s p e c i e s ,  and some have t e r m i n a l l y
re d u n d a n t  s e q u e n c e s .  The DNA may c o n ta in  u n u su a l  b a s e s  ( e . g .  u r a c i l )
and  may be m o d if ied  by m é th y la t io n  o r  g l u c o s y l a t i o n .  These v a r i a t i o n s
a r e  rev iew ed  by ihomas & M acH attie  (1957.7*, .RNA v i r u s e s  may c o n ta in  s i n g l e
o r  d o u b le - s t r a n d e d  RNA; some an im al v i r u s e s  c o n ta in  s e v e r a l  f rag m e n ts  o f
RNA ( e . g .  i n f lu e n z a  v i r u s  (D uesberg  & R ob inson , 1957))* V i r a l  genomes
v a ry  in  s i z e  from  th o s e  o f  th e  sm a ll  RNA p h a g es ,  c o n ta in in g  a b o u t  3300
b a s e s  and cod ing  f o r ,  p r o b a b ly ,  t h r e e  p r o t e i n s  (O u ss in ,  1956) to  th o s e  o f
5t h e  T -even  p h a g es ,  w i th  a b o u t  2 x 10 b ase  p a i r s ,  and cod ing  f o r  p e rh ap s  
tv/o hundred  p r o t e i n s .
Knowledge o f  c o n t r o l  o f  gene e x p re s s io n  i n  an im al v i r u s e s  i s  s t i l l  
l i m i t e d  b u t  th e  u n d e r s ta n d in g  o f  s e v e r a l  b a c te r io p h a g e  system s i s  q u i t e
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advanced* H e re ,  some o u t s t a n d in g  f e a t u r e s  o f  two phage sy s te m s ,  lambda 
and R17; w i l l  be  m entioned* The fo l lo w in g  d e s c r i p t i o n  o f  t h e  p r o p e r t i e s  
o f  th e s e  v i r u s  genomes a c t i n g  i n  b a c t e r i a l  c e l l s  i s  i n  e s se n c e  an  e x te n s io n  
o f  th e  p re c e d in g  d i s c u s s io n  o f  b a c t e r i a l  genome f u n c t i o n .
lambda i s  a DNA phage o f  i t s  d o u b le - s t r a n d e d  DNA h as  a
7m o le c u la r  w e ig h t  o f  ab o u t 3 % 10 , The programme o f  t r a n s c r i p t i o n  d u r in g  
th e  l y t i c  i n f e c t i o n  c y c le  o f  t h i s  phage has been s t u d i e d  e x t e n s i v e l y .
Lambda DNA c o n ta in s  abou t f i f t y  g e n e s ,  w i th  e x te n s iv e  c l u s t e r i n g  o f  genes 
f o r  r e l a t e d  f u n c t i o n s .  There  a p p e a rs  t o  be a complex system  o f i n t e r ­
lo c k in g  t r a n s c r i p t i o n a l  c o n t r o l s ,  b o th  p o s i t i v e  and n e g a t i v e .  I t  i s  
e s p e c i a l l y  i n t e r e s t i n g  t h a t  many o f  th e s e  c o n t r o l s  a r e  n o t  a b s o l u t e ,  b u t  
a l t e r  t r a n s c r i p t i o n a l  a c t i v i t y  by f a c t o r s  o f  5 '*'0 5 0 : t h e  c o n s e c u t iv e
a c t io n  o f  s e v e r a l  p a r t i a l  c o n t r o l s  th e n  r e s u l t s  i n  e f f e c t i v e l y  com plete  
c o n t r o l .  S e v e ra l  re v ie w s  on phage lambda have been  p u b l ish e d *  T h is  
summary i s  b a se d  on th o s e  by Dove ( 1968) and by S z y b a ls k i  ( 1969 ) .
The RNAs o f  t h e  sm a ll  phages R17 and QP a re  th e  o n ly  v i r a l  n u c le ic
a c i d s  i n  which e x te n s iv e  seq u en ces  have been d e te rm in e d  ( f o r  seq uences  i n  
Q,p RNA see  B i l l e t e r ,  D a h lb e rg ,  Goodman, H in d ley  & V/eissnian ( 1969 ))* The 
f o l lo w in g  p r e c i s  o f  f i n d in g s  w i th  R I7 RNA i s  b a sed  on work by Adams*
Je p p e s e n ,  Sanger & B a r r e l l  ( 1969)9 S t e i t z  ( 1969) ,  N ic h o ls  ( 1970 ) and
Je p p e s e n ,  N ic h o ls ,  Sanger & B a r r e l l  ( l 9 ? 0 ) .
Known seq uences  i n  R I7 RNA now t o t a l  abo u t 5OO n u c l e o t i d e s .  The 
f o l lo w in g  s a l i e n t  f e a t u r e s  have been fo und . A sequence  a t  th e  5 ’-  
te rm in u s  o f  t h e  RNA at- l e a s t  90 n u c l e o t i d e s  long  does n o t  s p e c i f y  p r o t e i n .  
I t s  f u n c t io n  i s  unknown -  p o s s i b l y  i t  m ight s e rv e  t o  i n c r e a s e  n u c le a s e
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r e s i s t a n c e .  The sequences  o f  th e  t h r e e  ribosom e b in d in g  s i t e s  a r e  
known: t h e s e  a r e  n o n - i d e n t i c a l ,  each  abou t 35 n u c l e o t i d e s  lo n g .  One
i n t e r c i s t r o n i c  r e g io n  has been  seq uenced . T h is  i s  21 n u c l e o t i d e s  
lo n g  and c o u ld  code f o r  a h e x a p e p t id e .  The f u n c t io n  o f  t h i s  sequence 
i s  a l s o  unknown. Sequences c o r re sp o n d in g  t o  s e c t i o n s  o f  th e  c o a t  
p r o t e i n  gene a r e  c o n s i s t e n t  w i th  th e  knovm amino a c i d  sequence  o f  th e  
c o a t  p r o t e i n .  The sequence  a d j a c e n t  t o  th e  3'™ond o f  t h e  RNA i s  known; 
t h i s  p resu m ab ly  c o n ta in s  th e  r e p l i c a se r e c o g n i t i o n  s i t e .  At t h i s  end 
a l s o  a c o n s id e r a b le  l e n g th  o f  c h a in  may n o t  be t r a n s l a t e d .  I t  i s
e s t im a te d  a b o u t  J O p  o f  th e  RNA may o ccur i n  h a i r p i n  lo o p s .  These might
be in v o lv e d  i n  i n c r e a s i n g  th e  n u c le a s e  r e s i s t a n c e  o f  th e  RNA, i n  pack in g  
o f  th e  RNA i n  t h e  com plete  v i r u s  an d ,  p o s s i b l y ,  i n  c o n t r o l  o f  t r a n s l a t i o n  
T h is  sm a ll  genome i s  t h u s  seen  t o  p o s s e s s  s e v e r a l  seq u en ces  n o t  
o b v io u s ly  r e l e v a n t  t o  p r o t e i n  s p e c i f i c a t i o n .  Some o f  t h e s e  r e g io n s  may 
have f u n c t i o n s  p e c u l i a r  t o  a v i r a l  RNA e . g .  f o r  n u c le a s e  r e s i s t a n c e  and 
p a c k in g  i n t o  a v i r i o n ,  w hich have no d i r e c t  a n a lo g u e s  i n  l a r g e r ,  MA 
genomes. A ls o ,  s in c e  c o n t r o l  o f  p r o t e i n  s y n t h e s i s  i n  an RNA phage must 
p e r f o r c e  be a t  t h e  l e v e l  o f  t r a n s l a t i o n ,  any t r a n s l a t i o n a l  c o n t r o l  found 
i n  such  a phage may n o t  be u se d  i n  o th e r  sy s te m s . N e v e r t h e l e s s ,  th e s e  
s t u d i e s  i n d i c a t e  t h e  k in d  and e x te n t  o f  se q u en c es ,  o th e r  th a n  th o s e  
s p e c i f y i n g  p r o t e i n ,  which o c cu r  i n  t h e  s im p le s t  genomes.
1 .1 .4  E u c a ry o te s
E u c a r y o t i c  c e l l s  a r e  d e f in e d  a s  p o s s e s s in g  a d i s c r e t e  n u c le u s  
e n c lo s e d  by a membrane (D oug herty , 1957)» Organism s composed o f  such
17
c e l l s  v a ry  g r e a t l y  i n  c o m p le x i ty .  The em phasis o f  t h e  fo l lo w in g  
d i s c u s s io n  i s  on t h e  genomes o f  v e r t e b r a t e s ;  much may n o t  be a p p l i c a b l e  
t o ,  s a y ,  y e a s t .
E u ca ry o te  genomes a r e  v e ry  l a r g e  compared vn.th th o s e  o f  p r o c a r y o te s :  
f o r  i n s t a n c e ,  th e  bov ine  genome c o n ta in s  abo u t 3 x  10'' b a se  p a i r s  i . e .
•j
i t  i s  10 t im e s  l a r g e r  th a n  t h a t  o f  g . c p l i  (M cC artty , 1965 ) .  The genome 
s i z e  a l s o  v a r i e s  g r e a t l y  w i t h in  t h e  c l a s s  o f  e u c a r y o te s .  T here  can be 
d e t e c t e d  a ro u g h  c o r r e l a t i o n  o f  genome s i z e s  w ith  q u a l i t a t i v e  i d e a s  o f  
t h e  "co m p lex i ty "  o f  t h e  o rgan ism s ( B r i t t e n  & Kohne, I 968 ) .  However, 
w i th in  t h i s  t r e n d ,  genome s i z e  a l s o  v a r i e s  c o n s id e r a b ly  even betw een 
s i m i l a r  s p e c i e s  (King & J u k e s ,  1969)»
The n u c le a r  DNA o f  e u c a ry o te s  i s  o r g a n is e d  i n t o  a number o f  
chromosomes, where i t  i s  a s s o c i a t e d  w i th  l a r g e  amounts o f  o th e r  
m acrom olecu les  -  h i s t o n e s  and o th e r  b a s i c  p o ly p e p t id e s ,  " a c i d i c "  p r o t e i n s  
and RNA. These a s s o c i a t i o n s  have a fo rm id a b le  s t r u c t u r a l  c o m p le x i ty ,  
most im p r e s s iv e ly  i n  t h e  condensed  m etaphase  s t a t e ;  t l i i s  t o p i c  i s  
d i s c u s s e d  a t  l e n g t h  by Du Praw ( 1968) .  The s i z e  o f  t h e  MA " m o le c u le s " '  
w i th in  chromosomes i s  unknown. Each chromosome a p p a r e n t l y  c o n ta in s  many 
r e p l i c a t i o n  u n i t s  (lluberman & R ig g s ,  I 968 ) .  M ito ch o n d r ia  and 
o h l o r o p la s t s  a l s o  c o n ta in  DNA, which i s  c y c l i c  w ith  m o le c u la r  w e igh t  
abou t lo'^ (Kroon, 1969 ) .
K i n e t i c  s t u d i e s  on r e a s s o c i a t i o n  o f  f ra g m e n te d ,  d e n a tu re d  DNA 
i n d i c a t e  t h a t  most e u c a ry o te  DNAs c o n ta in  l a r g e  amounts o f  r e p e a t e d  
sequences  ( B r i t t e n  & Kohne, I 968 ) .  DNA sequences  o f  many d e g re e s  o f 
r e p e t i t i o n  o c c u r ,  from " s in g le - c o p y "  DNA to  se q u e n c e s ,  such  a s  th o s e  o f
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mouse s a t e l l i t e  MA, r e p e a t e d  a t  l e a s t  10^ t im e s .  The " f a m i l i e s "  of 
MA d e f in e d  in  t h i s  way c o n s i s t  o f  s i m i l a r  r a t h e r  th a n  i d e n t i c a l  
se q u en c es .  S u r p r i s i n g l y  l a r g e  d i f f e r e n c e s  in  such  f a m i l i e s  a r e  found 
even betw een c l o s e l y  r e l a t e d  an im a l  s p e c ie s  (H ennig & W alker, 1 9 ? 0 ) ,  
F r a c t i o n s  o f  w id e ly  v a ry in g  (G f  C) c o n te n t  can be i s o l a t e d  from 
v e r t e b r a t e  DNAs (W alker & McLaren, I 966 ; M a r t in  & H oyer, 1967 ) î t h i s  
i s  a n o th e r  example o f  t h e  complex s t r u c t u r e  o f  th e s e  DNAs.
King & Ju k e s  ( 1969 ) e s t im a te  t h a t  i f  th e  mammalian genome c o n ta in s
4 3 . ,
4 X 10 g en es  each  10 base  p a i r s  lo n g ,  th e n  t h i s  a c c o u n ts  f o r  o n ly  IJ^ -
o f  t h e  genome. I t  i s  d i f f i c u l t  t o  e n v isa g e  any much l a r g e r  number o f
s t r u c t u r a l  g e n e s .  A lso ,  t h e  g e n e t i c  a ss ig n m en t o f  a u n iq u e  lo c u s  to
each  gene a p p e a rs  t o  im ply  t h a t  each  gene i s  n o t  p r e s e n t  i n  many c o p ie s .
T h is  d i s c r e p a n c y  co u ld  be t a k e n  a s  meaning t h a t  most e u c a ry o te  DNA i s
s u p e r f lu o u s ,  an i n t e r p r e t a t i o n  t h a t  i s  su p p o r te d  by th e  f i n d i n g  o f  a wide
ran g e  o f  c e l l u l a r  DNA c o n te n t  among v e r t e b r a t e s ,  which m ight be th o u g h t  t o
r e q u i r e  com parab le  g e n e t i c  com plem ents.
The o c c u r re n c e  o f  r e p e t i t i v e  DNA may be r e l e v a n t  t o  t h i s  problem ; 
t h e r e  a re  s e v e r a l  p o s s i b i l i t i e s .  B r i t t e n  & Davidson ( 1969 ) have 
p o s t u l a t e d  t h a t  r e p e a t e d  sequ en ces  a r e  in v o lv e d  i n  e x te n s iv e  c o n t r o l  and 
i n t e g r a t i o n  sy s te m s .  They a rg u e  t h a t  th e  g r e a t  p h e n o ty p ic  c o m p le x i ty  o f  
h ig h e r  e u c a ry o te s  demands v e ry  w id esp read  and s u b t l e  r e s p o n s e s  i n  
d i f f e r e n t  c e l l u l a r  s t a t e s  d u r in g  d i f f e r e n t i a t i o n  and deve lop m en t.
S e v e ra l  m odels can th e n  be c o n s t r u c t e d  i m p l i c a t i n g  f a m i l i e s  o f  DNA 
seq uences  i n  r e g u l a t o r y  r o l e s .  N ex t,  t h e  m a s te r - s l a v e  h y p o th e s i s  o f  
G a l la n  ( 1967 ) p ro p o se s  t h a t  many n o n - h e r e d i t a b le  c o p ie s  o f  each  gene a r e
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c r e a t e d  a t  e ach  g e n e ra t io n *  Some t h e o r i e s  o f  th e  immune re s p o n se  
demand t h e  e x i s t e n c e  o f  l a r g e  numbers o f  r e l a t e d  g en es  ( e , g ,  Edelman 
& G a l l ,  1969 )» R ep ea ted  sequ en ces  m ight p la y  a r o l e  i n  t h e  s t r u c t u r a l  
o r g a n i s a t io n  o f  chromosomes* F i n a l l y ,  much DNA m ight in d e e d  be devo id  
o f  d i r e c t  f u n c t io n s  i t  m ight th e n  be u s e l e s s  o r  m ight a c t  a s  a  
" r e s e r v o i r "  f o r  e v o lu t io n a r y  change*
L i t t l e  i s  known o f  th e  c o n t r o l  o f  e u c a ry o te  gene e x p r e s s io n  i n  th e  
d e t a i l  w i th  w hich some p ro c a ry o te  system s a re  b e in g  exam ined. The 
operon c o n c e p t ,  w i th  e x te n s iv e  c l u s t e r i n g  o f  f u n c t i o n a l l y  r e l a t e d  g e n e s ,  
seems n o t  t o  a p p ly .  The la c k  o f  c l u s t e r i n g  o f  r e l a t e d  g enes  m ight a llo w  
a more f l e x i b l e  r e s p o n s e  from  t h e  c e l l  b u t  would r e q u i r e  much g r e a t e r  
e l a b o r a t i o n  o f  e le m e n ts  a n a lo g o u s  t o  p rom ote r  and o p e r a to r  r e g i o n s .  The 
s t a b l e  p a t t e r n s  o f  enzyme a c t i v i t i e s  i n  d i f f e r e n t i a t e d  c e l l s  and th e  
p ro fo u n d  e f f e c t s  o f  hormones on t a r g e t  c e l l s  im ply  th e  e x i s t e n c e  o f  
c o n t r o l  sy s tem s which have s t a b l e  s t a t e s  y e t  a r e  c a p a b le  o f  s w i f t  and 
e x te n s iv e  change . C y c lic  AMP a c t s  a s  an i n t e g r a t i n g  i n t r a c e l l u l a r  
"seco nd  m essenger"  i n  many such  sy s tem s (R ob ison , B u tch e r  & S u th e r la n d ,  
1967)» The r o l e s  o f  d i f f e r e n t  D N A -associa ted  m o le cu le s  i n  such 
c o n t r o l  a r e  n o t  known i n  any  d e t a i l ;  i t  i s  su g g e s te d  t h a t  h i s t o n e s  p ro v id e  
a g r o s s  "m asking" e f f e c t  v /h ile  th e  d e t a i l e d  p a t t e r n s  o f  gene a c t i o n  a r e  
d e te rm in e d  by o th e r  p r o t e i n s  o r  by RNA (se e  B r i t t e n  & D av idson , I 969 )*
1 *1 .5  The G e n e t ic  Code.
T h is  i n t r o d u c t i o n  h as  n o t  d e a l t  w i th  t h e  mechanisms o f  p r o t e i n  
s y n t h e s i s ,  so t h a t  a d e s c r i p t i o n  h e re  o f  t h e  n a tu r e  o f  th e  niRNA t r i p l e t
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TABLE THE GENETIC CODE
U
2nd P o s i t i o n  
G A
Phe Ser Tyr Cys u
Phe Ser Tyr Cys G
U Leu Ser CT-1 Trp A
Leu S er CT-2 CT-3? G
Leu Pro H is Arg U
Leu Pro His Arg G
c Leu Pro Gin Arg A
Leu Pro Gin Arg G
l i e Thr Asn Ser U
l i e Thr Asn Ser G
A l i e Thr Lys Arg A
Met Thr Lys Arg G
Val Ala Asp Cxly U
Val Ala Asp Gly C
Cr Val Ala Glu Gly A
Val A la Glu Gly G
g•H-P•HmoFM
-p03
VNHPi
hjOmH*
c +H*
B
The t a b l e  shows th e  com ple te  s e t  o f  64 t r i p l e t s ,  and  t h e i r  
c o r re s p o n d in g  amino a c i d s .  Three t r i p l e t s  do n o t  code f o r  amino 
a c i d s ;  two o f  th e s e  t r i p l e t s  (CT-1, CT-2) t e r m in a te  th e  p o ly p e p t id e  
c h a in  and th e  t h i r d  (CT-3?) p ro b a b ly  does so .
Prom V/oese ( I 970 )
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code must be r a t h e r  s u p e r f i c i a l »  The f o l lo w in g  b r i e f  o u t l i n e  i s  
in c lu d e d  b ecau se  l a t e r  p a r t s  o f  t h i s  t h e s i s  a re  co n ce rned  w i th  some 
sequence  c h a r a c t e r i s t i c s  o f  DNAs, and t h e i r  i n t e r p r e t a t i o n  in  term s 
of codon u s a g e .
The mRNA t r i p l e t  code , from V/oese (1 9 7 0 ) ,  i s  shown i n  T able  1» 
A ll  amino a c i d s ,  e x c e p t  m e th io n in e  and t r y p to p h a n ,  have more th a n  
one codon. On p r e s e n t  e v id e n c e ,  th e  s e t  o f  codons ' a s s ig n m e n ts  
a p p e a rs  to  be u n i v e r s a l  (M a rs h a l l ,  Caskey & N ire n b e rg ,  1957) i . e .  in  
any system  s t u d i e d  any g iv e n  codon s p e c i f i e s  th e  same amino a c i d .  
S e v e ra l  c a s e s  a r e  Içnown in  which th e  synonymous codons f o r  an  amino 
a c id  a re  n o t  u se d  w i th  e q u a l  f r e q u e n c y ,  For i n s t a n c e ,  in  E. c o l i  th e  
codons AAA and GAA a re  u se d  i n  p r e f e r e n c e  to  t h e i r  synonyms AAG and 
GAG (W e ig e r t ,  G all u e i , Lanka & G aren, 1956),
1 .2  NEAREST-NEIGHDObR ANALYSIS
1 .2 .1  I n t r o d u c t io n
The p r e c e d in g  s e c t i o n  d e s c r i b e s  some a s p e c t s  o f  th e  s t r u c t u r e  o f  
genomes. The s tu d y  o f  genome s t r u c t u r e  in  te rm s o f  b ase  sequences  
i s  a t  t h i s  tim e n o t  t e c h n i c a l l y  p o s s i b l e ,  e x ce p t  f o r  th e  v e ry  sm a ll  
b a c te r io p h a g e  RNAs, a s  d e s c r ib e d  i n  S e c t io n  1 .1 .5 *  T h e r e f o r e ,  in  a  
g e n e r a l  s tu d y  o f  sequence  c h a r a c t e r i s t i c s  o f  d i f f e r e n t  genome ty p e s ,  
th e  t e c h n iq u e  o f  n e a r e s t  "-neighbour a n a l y s i s  was u s e d .  T h is  method 
m easures th e  f re q u e n c y  o f  d i f f e r e n t  d i n u c l e o t i d e s  i n  th e  n u c l e i c
a c i d  b u t  docs n o t  g iv e  d a ta  on lo n g e r  se q u e n c e s .  However, even 
t h i s  l i m i t e d  in f o r m a t io n  can  g iv e  some i n s i g h t  i n t o  th e  sequence  
c h a r a c t e r i s t i c s  o f  th e  n u c l e i c  a c i d .
In  t h i s  s e c t i o n  th e  p r i n c i p l e s  o f  n e a r e s t - n e ig h b o u r  a n a l y s i s  
a r e  o u t l i n e d ,  th e  k in d  o f  r e s u l t s  o b ta in e d  a re  d e s c r ib e d ,  and th e  
in fo r m a t io n  g iv e n  by th e  r e s u l t s  and  th e  scope o f  th e  te c h n iq u e  a r e  
d i s c u s s e d .
1 .2 .2  P r i n c i p l e s  o f  th e  Method
The te c h n iq u e  o f  n e a r e s t - n e ig h b o u r  a n a l y s i s  was in t r o d u c e d  by J o s s e ,
K a is e r  & Kornbeug ( 1961)5 i t  i s  a method o f  m easu ring  t h e  f r e q u e n c ie s  o f
o c c u r re n c e  i n  a g iv e n  DNA o f  th e  s i x t e e n  p o s s i b l e  d i n u c l e o t i d e  se q u en c es .
The s t r a t e g y  o f  th e  method i s  a s  f o l lo w s .  The DNA u n d e r  s tu d y  i s
u sed  a s  a t e m p la te  f o r  DNA p o ly m e rase .  Four sam ples o f  DNA a r e  made
in  v i t r o ,  e ac h  l a b e l l e d  w i th ,  i n  t u r n ,  one / I x  ^ ^ 7 ” d e o x y n u c le o s id e
5 ’- t r i p h o s p h a t e .  The u n in c o r p o r a te d  n u c l e o t i d e s  a r e  removed and th e
DNA i s  d eg ra d ed  to  d e o x y n u c le o s id e  3 *“m onophosphates, by d i g e s t i o n  f i r s t
w i th  m ic ro c o c c a l  n u c le a s e  and th e n  w i th  sp le e n  p h o s p h o d ie s t e r a s e .  The
m onophosphates a r e  s e p a r a t e d  by e l e c t r o p h o r e s i s  and th e  r a d i o a c t i v i t y  i n
each  i s  m easu red . T hus, th e  DNA i s  s y n th e s i s e d  from a p r e c u r s o r  which 
32h as  ?  i n  th e  5 ' - p o s i t i o n ;  th e  DNA i s  th e n  deg rad ed  t o  3 ’ -m onophosphates , 
32and so th e  P i s  t r a n s f e r r e d  from  th e  5 ' - p o s i t i o n  o f  t h e  o r i g i n a l  
n u c l e o t i d e  t o  t h e  3 *- p o s i t i o n  o f  t h e  n u c l e o t i d e  a d ja c e n t  t o  (on th e  5 ' “ 
s id e  o f )  t h e  o r i g i n a l  l a b e l l e d  n u c l e o t i d e .  G e n e r a l ly ,  t h e r e f o r e ,  a l l
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32f o u r  3 ' ^m onophosphates w i l l  c o n ta in  P .
The f r a c t i o n  o f  th e  t o t a l  r a d i o a c t i v i t y  which i s  found  i n  a g iv en  
d e o x y n u c leo s id e  3 ' “m onophosphate th e n  i n d i c a t e s  t h e  f r e q u e n c y  w i th  which 
t h i s  s p e c ie s  o c c u r r e d  on t h e  5 *-&ide o f  th e  o r i g i n a l  l a b e l l e d  n u c le o t id e  
i n  th e  s y n th e s i s e d  DM i * e .  i t  i s  a m easure o f  th e  d i n u c l e o t i d e  
f re q u e n c y .  F o r exam ple, i f  /fcx dATP i s  u s e d ,  th e n  th e  i n
th e  f o u r  3 ’“•monophosphates i s  a m easure o f  th e  r e l a t i v e  f r e q u e n c i e s  o f 
CpA, ApA, GpA and TpA*
The r e l a t i v e  amounts o f  each  o f  th e  fo u r  b a s e s  i n c o r p o r a t e d  i n t o  t h e  
DM a r e  dependen t on t h e  t e m p la te  DM u se d .  I t  i s  t h e r e f o r e  n e c e s s a r y ,  
t o  o b ta in  th e  a b s o lu te  v a lu e s  o f  d i n u c l e o t i d e  f r e q u e n c i e s  i n  th e  
s y n th e s i s e d  DM, t o  m u l t i p ly  t h e  f r a c t i o n a l  v a lu e s  f o r  each  r e a c t i o n  by a  
f a c t o r  e q u a l  t o  t h e  f re q u e n c y  o f  o c c u rre n c e  o f  th e  o r i g i n a l  -
n u c le o t i d e  i n  th e  l a b e l l e d  DNA* Such i n c o r p o r a t i o n  f a c t o r s  co u ld  be 
o b ta in e d  i n  t h r e e  ways: f i r s t ,  from  th e  b a se  co m p o s it io n  o f  t h e  te m p la te
DNA, i f  t h i s  i s  known5 second , from  th e  t o t a l  r a d i o a c t i v i t y  in c o r p o r a te d  
i n  each r e a c t i o n  (assum ing  th e  s p e c i f i c  a c t i v i t i e s  a r e  known and th e  
e x te n t  o f  r e a c t i o n  and t h e  r e c o v e r y  a r e  th e  same i n  each  c a s e ) ;  and , 
t h i r d ,  by c a l c u l a t i o n  from t h e  e l e c t r o p h o r e s i s  r e s u l t s *  T h is  t h i r d  
m ethod, which i s  g e n e r a l l y  u s e d ,  i s  d e s c r ib e d  below*
G a ll  t h e  m olar  p r o p o r t io n s  o f  a d e n in e ,  tliym ine, g u an in e  and c y to s in e ,  
i n  t h e  s y n t h e s i s e d  DNA, a ,  t ,  g  and c r e s p e c t i v e l y .  Let ApA r e p r e s e n t  
t h e  a b s o lu te  f r e q u e n c y ,  i n  th e  s y n th e s i s e d  DNA, o f  th e  d i n u c l e o t i d e  ApA, 
and  so on . I f  t h e  DNA i s  l a b e l l e d  w ith  ^ - dNTP, th e n  c a l l  th e  
f r a c t i o n  o f  r a d i o a c t i v i t y  i n  Ap, ApN, and so on.
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ïh e  p r o p o r t io n  o f  a d e n in e  in c o r p o r a te d  a s  a  ^ ' - n u c l e o t i d e  must be 
e q u a l  to  th e  p r o p o r t i o n  r e c o v e r e d  a s  a 3 '™ n u c le c t id e ,  
i@e, ÀpÂ TpÂ 4' CrpA '}' GpA = ApA 4- ApT *4* ApG 4- ApC*
.«wwWAann .
i * e ,  a ™ (ApA x a )  ^ (ApT x t )  -f (ApG x g )  4* (ApG x c)
S im i la r  e q u a t io n s  can be w r i t t e n  f o r  g ,  t  and c ,  A s e t  o f  t h r e e  
s im u lta n e o u s  e q u a t io n s  i n  f o u r  unknowns (and one red u n d a n t  e q u a t io n  
d e r iv a b le  from th e  o th e r  t h r e e )  i s  th u s  o b ta in e d .  T o g e th e r  w i th  th e  
i n i t i a l  c o n d i t i o n ,  a 4- t  4- g 4- c -  1 , t h e s e  can be so lv e d  t o  g iv e  th e
b ase  r a t i o s  o f  th e  DhA.
T h e r e f o r e ,  from  th e  n e a r e s t - n e ig h b o u r  a n a l y s i s  o f  a M A, s i x t e e n  
d i n u c l e o t i d e  f r e q u e n c ie s  a r e  o b ta in e d  and , i n  a d d i t i o n ,  t h e  b ase  
co m p o s it io n  o f  th e  s y n th e s i s e d  DKA, In  t h e i r  o r i g i n a l  s tu d y ,  J o s se 
e t  a l .  ( 1961) found  t h a t ,  f o r  a number o f  d o u b le - s t r a n d e d  MAg u se d  a s  
t e m p la t e s ,  t h e  b a se  c o m p o s it io n s  o b ta in e d  by n e a r e s t« n e ig h b o u r  a n a l y s i s  
a g re e d  w e l l  w i th  th o s e  found  by ch em ica l a n a l y s i s  o f  t h e  t e m p la te  MA,
Each MA a n a ly s e d  gave a c h a r a c t e r i s t i c  and non-random  p a t t e r n  o f  
d i n u c l e o t i d e  f r e q u e n c i e s ;  t h i s  p a t t e r n  was s t a b l e  u n d e r  d i f f e r e n t  
c o n d i t io n s  o f  s y n t h e s i s .  I n  each  c ase  th e  p a t t e r n  o b ta in e d  im p l ie d  t h a t  
t h e  DNA was s y n t h e s i s e d  w ith  p a i r i n g  o f  a d en in e  to  th y m in e ,  and gu an ine  
t o  c y to s in e ,  be tw een  th e  two s t r a n d s  o f  MA, and w i th  o p p o s i t e  p o l a r i t y  
o f  t h e  s t r a n d s ,  a s  p ro p o sed  by Watson & C rick  ( l9 5 3 )«
Some o f  t h e  d a ta  o f  J o s s e  e t  a l .  ( 1961) a re  shown i n  T ab le  2 to  
i l l u s t r a t e  t h e i r  f i n d i n g s .  Each a n a l y s i s  g iv e s  s i x  p a i r s  o f  d i n u c l e o t i d e s  
which a re  com plem entary  i n  a d o u b le - s t r a n d  o p p o s i te  p o l a r i t y  model o f  DMA:
PS
t h e  f r e q u e n c i e s  o f  such  p a i r s  a r e  i n  each  case  v e ry  s i m i l a r .  There a r e ,  
i n  a d d i t i o n ,  f o u r  d i n u c l e o t i d e s  which w ith  t h i s  scheme a r e  s e l f -  
com plem entary (CpCr, GpG, ApT and TpA), On comparing r e s u l t s  f o r  d i f f e r e n t  
DMAs, i t  i s  e v id e n t  t h a t  even where th e  (G + C) c o n te n t s  o f  two DMAs a r e  
i d e n t i c a l ,  a s  w i th  c a l f  thymus and B a c i l l u s  s u b t i i i s  i n  T ab le  2, th e  
n e a r e s t - n e ig h b o u r  p a t t e r n s  can s t i l l  be q u i t e  d i s t i n c t ,
8wart%, T r a u tn e r  & K ornberg  ( 1962 ) e x te n d ed  t h i s  sys tem  to  in c lu d e  
s i n g l e - s t r a n d e d  DMA a s  t e m p la t e .  By r e s t r i c t i n g  th e  amount o f  s y n t h e s i s  
th e y  were a b le  t o  o b ta in  f r e q u e n c i e s  c o r re sp o n d in g  o n ly  t o  th e  
com plem entary s t r a n d .  I n  t h i s  c ase  com plem entary d i n u c l e o t i d e s  do n o t  
n e c e s s a r i l y  o c cu r  w i th  e q u a l  f r e q u e n c y .
The t e c h n iq u e  o f  n e a r e s t - n e ig h b o u r  a n a l y s i s  was d ev e lo p ed  u s in g  DMA 
and DMA p o ly m e ra se .  However, t h e  id e a  o f  exam ining a n u c l e i c  a c id  i n  
t h i s  way can be g e n e r a l i s e d ,  depend ing  on th e  v e r s a t i l i t y  o f  p o ly m e r is in g  
enzymes a v a i l a b l e .  T em plate  DMA can be t r a n s c r i b e d  u s in g  an DMA 
p o ly m erase :  th e  s y n t h e s i s e d  RMA i s  th e n  h y d ro ly se d  t o  2*, 3*-
m onophosphates w i th  a l k a l i .  T h is  ap p roach  has  been u se d  by W eiss & 
Makamoto ( 1961 ) w i th  DMA p o ly m erase  from ih c r o c o c c u s  l y s o d e i k t i c u s .  They 
found  t h a t  t h e  n e a r e s t - n e ig h b o u r  p a t t e r n s  o b ta in e d  i n  t h i s  way f o r  s e v e r a l  
DMAs were i d e n t i c a l  t o  th o s e  o b ta in e d  by th e  DMA p o lym erase  method.
I n  a f u r t h e r  e x te n s io n  o f  th e  method, RMA i s  u se d  a s  t h e  t e m p la te .
T h is  method h a s  been u se d  w i th  s e v e r a l  IWA v i r u s e s .  T here  a r e  two k in d s  
o f  RMA-RMA p o ly m e ra se .  F i r s t ,  such enzymes a re  form ed i n  c e l l s  a f t e r  
i n f e c t i o n  w i th  RMA v i r u s e s ,  and have been p u r i f i e d  i n  some c a se s  ( e . g .  
Augu.st, S h a p iro  & Eoyang, 19^5? S h ap iro  & A u g u s t,  1965) .  Second,
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TABLE 2 . EXAîPI,ES OP ?r;AREST-»î:EIGPBOlJR PBE^UEPCIES
Cair
Thymus
. ........ .
B a c i l l u s
s u b t i i i s
—- --------- '—- ------- --
E s c h e r ic h ia
c o l l
h ic ro c o c c u s
l y s o d e i k t i c u s
ApA TpT 89 87 92 95 71 76 19 17
CpA TpG 80 76 67 68 71 71 52 54
GpA TpC 64 67 67 65 55 56 65 65
GpT ApG 67 72 57 58 55 55 50 49
GpT ApG 56 52 48 48 55 54 56 57
GpG GpC 50 54 46 46 56 56 112 115
TpA 55 52 51 •11
ApT 75 80 68 22
GpG 16 50 67 159
GpG 44 61 85 121
(G+C) i-. 42 44 50 71
F re q u e n c ie s  o f  d in u c l e o t i d e s  a r e  i n  p a r t s  p e r  10 . 
These d a ta  a r e  from J o s s e  at_ a^^ ( I 96 I )»
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îvL l y s o d e i k t i c u s  BNA-RÎTA p o lym erase  can , i n  th e  ab sen c e  o f  DNA, 
u t i l i s e  RNA a s  a tem p la te*  (Fox, R ob inson , H ase lk o rn  & W eiss ,  1964?
Hay & S ubak-S harpe , I 968 ) ,
1 .2*3 P r e s e n t a t i o n  o f  R e s u l t s
S e v e ra l  schemes have been d e v is e d  f o r  v i s u a l  p r e s e n t a t i o n  o f  
n e a r e s t - n e ig h b o u r  d a t a ,  which a r e  d i f f i c u l t  t o  compare in  th e  t a b u l a r  
form o f  T ab le  2. K a i s e r  & Baldw in ( 1962) in t r o d u c e d  th e  id e a  o f  
com paring  g r a p h i c a l l y  th e  m easured f re q u e n c y  o f  a g iv e n  d i n u c l e o t i d e  
w i th  th e  f re q u e n c y  e x p e c te d  i n  a random sequence c h a in  h a v in g  th e  base  
c o m p o s it io n  o f  t h e  DM u n d e r  s tu d y  ( i . e .  th e  random f re q u e n c y  e q u a ls  
th e  p ro d u c t  o f  t h e  f r e q u e n c i e s  o f  th e  c o n s t i t u e n t  n u c l e o t i d e s  o f  th e  
d i n u c l e o t i d e ) .  T h is  i s  i l l u s t r a t e d  in  F i g . l .  T h is  method o f  
p r e s e n t a t i o n  shows q u i t e  w e l l  t h e  v a r i a t i o n s  from  random f re q u e n c y  o f  
v a r io u s  d i n u c l e o t i d e s .
Two p r e s e n t a t i o n s  o f  v a lu e  were in t r o d u c e d  by Subak-Shar*pe a t  a l . 
( 1966 ) .  I n  th e  f i r s t ,  th e  f r e q u e n c ie s  a r e  p r e s e n te d  a s  a s e r i e s  o f  
h i s to g r a m s .  S u p e r p o s i t io n  o f  th e  d a ta  f o r  tvfo BlTAs th e n  a l lo w s  a 
d i r e c t  v i s u a l  com parison  ( F i g . 2 ) .  For th e  second m ethod, th e  id e a  o f  
d e v ia t i o n  from random ness i s  a g a in  u se d .  The d i n u c l e o t i d e  f r e q u e n c i e s  
a r e  " n o rm a lis e d "  t o  t h e  v a lu e  th e y  would have i n  a DBA o f  ^Ofo (G -f C) 
c o n te n t .  Thus f o r  a d i n u c l e o t i d e  XpY o f  f re q u e n c y  2 , t h e  n o rm a l is e d  
f r e q u e n c y  i s   ^ where x and y a r e  th e  r e s p e c t i v e  f r e q u e n c ie s
o f  o c c u r re n c e  o f  X and Y. The f a c t o r  o f  0 .0625 a l lo w s  f o r  t h e  f a c t  t h a t  
i n  a 50^  (G -i* C) DNA a l l  d i n u c l e o t i d e s  have a random e x p e c ta t i o n  o f  
o c c u rre n c e  o f  0 .0 6 2 5 .  ^  h is to g ra m  i s  th en  drawn, w i th  a b a s e - l i n e  o f
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FIGURE 1, FRFFJFUCIF8 OF CnG IN EUCARYOTE AND PROCARYOTE DNAs
Animal and P l a n t  DNA8 B a c t e r i a l  DNAs
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P r e d i c t e d  F requency  ( p a r t s / l 0 ^ )
The f r e q u e n c i e s  o f  th e  d i n u c l e o t i d e  CpG i n  a n im a l ,  p l a n t  and 
b a c t e r i a l  DNAs a r e  compared w i th  v a lu e s  p r e d i c t e d  from random 
a s s o c i a t i o n .  The l i n e  th ro u g h  each  orig in .:, r e p r e s e n t s  random 
e x p e c t a t i o n ,  and  th e  u p p e r  c a se  l e t t e r s  r e p r e s e n t  m easured  
f r e q u e n c i e s  o f  GpG i n  th e  DNAs from th e  f o l lo w in g  o rgan ism s
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6 2 »^, showing f o r  each  d i n u c l e o t i d e  th e  d e v i a t i o n  ( 4 o r  -  ) i n  p a r t s /
3
10' from random, 6.a shown i n  l^igx 3* In  e f f e c t ,  t h i s  p ro c e d u re  
c a l c u l a t e s  t h e  s p e c i f i c  f r e q u e n c y  of  each d i n u c l e o t i d e  i » e ,  th e  
f r e q u e n c y  p e r  u n i t  o f  each  c o n s t i t u e n t  n u c l e o t i d e .  The d e v i a t i o n  
h i s to g r a m  th e n  r e p r e s e n t s  th e  d i f f e r e n c e  of  each s p e c i f i c  f r e q u e n c y  
from u n i t y .  The i n t r o d u c t i o n  o f  t h e  concep ts  o f  " n o r m a l i s a t i o n  t o  5 0 /  
(G 4 C)" and " d e v i a t i o n  from 62«5/ lO^" mere ly  m u l t i p l i e s  t h r o u g h o u t  by 
a f a c t o r  o f  62.5* T h is  p r e s e n t a t i o n  i s  t h e r e f o r e  d e r i v e d  c o n c e p t u a l l y  
from t h a t  o f  K a i s e r  & Baldwin ( 1962 ) .  T h is  i s  a u s e f u l  method of  
comparing d i f f e r e n t  BhAss i t s  l i m i t a t i o n s  a r e  d i s c u s s e d  l a t e r .
1 , 2 .4  D e s c r i p t i o n  o f  R e s u l t s
J o s s e  e t^  a l .  ( 196 I )  d e te rm in e d  th e  n e a r e s t  ^ ne ighbour  f r e q u e n c i e s  o f  
a number o f  b a c t e r i a l  DNAs. V^hen t h e s e  f r e q u e n c i e s  a r e  p l o t t e d  a s  
d e v i a t i o n  h i s t o g r a m s ,  a s  d e s c r i b e d  above ,  t h e y  f a l l  i n t o  s e v e r a l  c l a s s e s  
( F i g . 3 ) .  F i r s t ,  t h e  p a t t e r n s  f o r  E s c h e r i c h i a  c o l i ,  A e r o b a c te r  a e r o g e n e s ,  
B a c i l l u s  s u b t i i i s  and Haemophilus i n f l u e n z a e  a r e  a l l  s i m i l a r ,  w h i le  
tii  or  coo ecus l y s o d e i k t i c u s  and Mycobacterium p h l e i  g iv e  a n o t h e r  p a t t e r n .
The f r e q u e n c i e s  f o r  C l o s t r i d i u m  p a s te u r i a n u m  DNA were d e te rm in e d  by 
S k a lk a ,  Fowler  & Hurwitz  ( 1966 ) and g iv e  a n o th e r  d i s t i n c t  p a t t e r n .  Note 
t h a t  th e  DNAs i n  t h e  E . c o l i  g roup  g i v e  s i m i l a r  p a t t e r n s  o f  s p e c i f i c  
f r e q u e n c i e s  i n  s p i t e  o f  l a r g e  d i f f e r e n c e s  i n  (G -t* C) c o n t e n t .  
B a c t e r io p h a g e s  o f  g . c g l i  i n  g e n e r a l  g iv e  p a t t e r n s  v e ry  s i m i l a r  t o  t h e i r  
h o s t .  ( J o s s e  e t  a l . ,  I 96 IS Swartz  e t  a l . ,  1962 )*'  *.ivxsi-scn 4  ^ f mwwwr# f  ^ f
P a t t e r n s  f o r  DNAs from e u c a r y o t i c  o rgan isms o t h e r  t h a n  v e r t e b r a t e s
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a r e  shown i n  F i g .  4» These g iv e  h i g h l y  v a r i a b l e  p a t t e r n s ,  seme w i th  
r e s e m b la n c e s  t o  t h e  v e r t e b r a t e  p a t t e r n s  d i s c u s s e d  below.
F requency  p a t t e r n s  f o r  s e v e r a l  v e r t e b r a t e  DNAs a r e  shovm i n  Fig ,  
5 ; i t  can be seen  t h a t  t h e s e  p a t t e r n s  a r e  a l l  v e r y  s i m i l a r .  The 
p a t t e r n s  f o r  DNAs from d i f f e r e n t  t i s s u e s  o f  th e  same s p e c i e s ,  and 
from r e l a t e d  tu m o u rs ,  a r e  i d e n t i c a l  (Swartz  e t  a l , , I 962 ) ,  As w i t h  
t h e  b a c t e r i a l  DNAs,a low r e l a t i v e  f r e q u e n c y  o f  TpA i s  fo u n d .  The 
most  o u t s t a n d i n g  f e a t u r e  o f  t h i s  v e r t e b r a t e  p a i t e m  i s  t h e  v e r y  low 
f r e q u e n c y  of  o c c u r r e n c e  o f  CpG (F ig s  2 and 5)*
The p a t t e r n s  f o r  s e v e r a l  DNA an im a l  v i r u s e s  and f o r  one HNA 
v i r u s  have been  d e te rm in e d  (Subalc-Sharpe £ t  a ^ .  ? '19^6 ; M o r r i so n ,  
K e i r ,  Subalc-Sharpe & C rawford ,  19&7? Hay & S u b a k -S ha rp e , 19 ^ 8 ) ,  As 
shovm i n  Fig* 6 t h e s e  f a l l  i n t o  two d i s t i n c t  g r o u p s .  F i r s t ,  l a r g e  
v i r u s e s ,  w i t h  DNAs o f  w id e ly  v a r y i n g  (G-pO) c o n t e n t ,  a l l  g iv e  
p a t t e r n s  q u i t e  c l o s e  t o  random, b u t  w i t h o u t  any p a r t i c u l a r  f e a t u r e s  
common t o  a l l .  T h is  c l a s s  co m p r i se s  p s e u d o r a b i e s ,  v a c c i n i a ,  h e rp e s  
s im p le x ,  equ in e  r h i n o p n e u m o n i t i s  and ,  p o s s i b l y ,  a d e n o v i r u s  2 .  The 
second c l a s s ,  o f  t h e  sm a l l  v i r u s e s  polyoma, SV 4 0 , Shope p a p i l l o m a  
and human p a p i l l o m a ,  g i v e s  h i g h l y  non-random p a t t e r n s  s i m i l a r  t o  
th o s e  found  w i t h  v e r t e b r a t e  DNAs. The ANA v i r u s ,  EMC, g i v e s  a  
s i m i l a r  p a t t e r n .  I n  t h i s  c a se  th e  p a t t e r n  r e p r e s e n t s  th e  s i n g l e ,  
complementary  s t r a n d  of  ENA. The n u c l e i c  a c i d s  o f  t h e s e  v i r u s e s  
h<ave (G-kC) c o n t e n t s  i n  t h e  r an g e  3 9 - 4 8 /  i . e .  c l o s e  t o  t h e  v a l u e s  
fou nd  f o r  v e r t e b r a t e  DNAs.
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lo2«5 Implicatxon&3 and Commenta
Much m a t e r i a l  r e l e v a n t  h e re  w i l l  be d e a l t  w i t h  more f u l l y  i n  
l a t e r  s e c t i o n s  «
B a c t e r i a  a r e  seen  t o  g i v e  d i s t i n c t  p a t t e r n s ,  non-random b u t  w i th  
few l a r g e  d e v i a t i o n s  from random. By t h e  c r i t e r i a  o f  t h e  d e v i a t i o n  
h i s to g r a m s  t h e y  a p p ea r  t o  f a l l  i n t o  p e rh a p s  t h r e e  c l a s s e s .  Most 
b a c t e r i a l  DNA must s p e c i f y  p r o t e i n s ,  and t h e  n e a r e s t - n e i g h b o u r  p a t t e r n  
must t h e r e f o r e  depend l a r g e l y  cn t h e  f r e q u e n c i e s  w i th  which d i f f e r e n t  
codons a r e  u s e d .  I n  a l l  o f  t h e  b a c t e r i a l  DNAs t h e  f r e q u e n c y  o f  TpA i s  
u n u s u a l l y  low; t h i s  can be r a t i o n a l i s e d  a s  r e s u l t i n g  f rom t h e  low 
c o n te n t  o f  codons ÏÏAA and IJÂG, t h e  s to p - c o d o n s ,  ( i n  a d d i t i o n ,  UAÜ and 
UAC code f o r  t y r o s i n e ,  which o c c u r s  w i t h  low f r e q u e n c y  i n  p r o t e i n s ) .
The low f r e q u e n c y  of  TpA i s  v i s i b l e  b ecau se  TpA i s  s e l f - c o m p le m e n ta r y .  
Many o t h e r  l a r g e  v a r i a t i o n s  i n  f r e q u e n c y  o f  d o u b l e t s  i n  one DNA s t r a n d  
c o u ld  be d i s g u i s e d  becau se  o f  a v e r a g i n g  between complementary s t r a n d s .  
T h is  r e s t r i c t i o n  does n o t  a p p ly  t o  t h e  " l i m i t e d  r e p l i c a t i o n "  r e s u l t s  f o r  
t h e  complementary  s t r a n d  o f  phage <j>X I 7 4 .» I n  t h i s  c ase  t h e  f r e q u e n c i e s  
o f  complementary  d i n u c l e o t i d e s  a r e  n o t  g e n e r a l l y  e q u a l 5 however,  t h e r e  
a r e  s t i l l  no v e r y  l a r g e  d e v i a t i o n s  from random. A v e rag ing  o f  
complementary d o u b l e t s  g i v e s  a p a t t e r n  r e s e m b l in g  t h a t  o f  t h e  h o s t ,
E , c o l i .
CpG i s  a n o t h e r  s e l f - c o m p le m e n ta r y  d o u b le t  showing, i n  v e r t e b r a t e  
DNAs, l a r g e  d e v i a t i o n s  from randoms t h i s  s h o r t a g e  o f  CpG i s  th e  
o u t s t a n d i n g  f e a t u r e  o f  t h e s e  DNAs’ p a t t e r n s .  ’ However, a g a i n  t h e  
r e s e r v a t i o n  must be made t h a t  l a r g e  d e v i a t i o n s  i n  o t h e r  d i n u c l e o t i d e s  i n
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a s i n g l e  s t r a n d  co u ld  be c o n ce a led  by a v e r a g in g  over  b o th  s t r a n d s .  The 
CpG s h o r t a g e  was o r i g i n a l l y  found  i n  v e r t e b r a t e  DM, i . e .  i n  genomes 
which a r e  u n l i k e  t h o s e  o f  b a c t e r i a  i n  many r e s p e c t s ,  a s  d i s c u s s e d . i n  
S e c t i o n  1 . 1 .  The most r e l e v a n t  c o n c lu s io n  from d i s c u s s i o n  o f  th e  
c o m p lex i ty  o f  v e r t e b r a t e  DNA i s  t h a t  much of  v e r t e b r a t e  DNA may no t  
s p e c i f y  p r o t e i n .  T h e r e f o r e ,  i t  i s  n o t  a t  once n e c e s s a r y  o r  obv ious  t h a t  
t h e  l a r g e  s y s t e m a t i c  d e v i a t i o n s  found  i n  v e r t e b r a t e  DNA ( i n  p a r t i c u l a r  
t h e  CpG s h o r t a g e )  a r e  r e l a t e d  t o ,  o r  i n t e r p r e t a b l e  i n  te rm s  o f ,  
s p e c i f i c a t i o n  o f  p o l y p e p t i d e s .  They cou ld  r e p r e s e n t  o t h e r  DNA f u n c t i o n s :  
f o r  i n s t a n c e ,  h i g h l y  non-random DNA sequences  c o u ld  be i n v o lv e d  i n  t h e  
s t r u c t u r a l  o r g a n i s a t i o n  o f  t h e  chromosomes, o r  i n  a complex f u n c t i o n a l  
and c o n t r o l  o r g a n i s a t i o n .  They c o u ld  be p r e s e n t  i n  " i n e r t "  DNA, e . g .  as  
h e te ro c h ro m a t in *
However, t h e  f i n d i n g  o f  t h e  same n e a r e s t - n e i g h b o u r  p a t t e r n  i n  t h e  
DNAs o f  sm a l l  v i r u s e s  q u i t e  a l t e r s  t h e  n a t u r e  o f  t h e  p rob lem .  Nor 
example , polyoma DNA i s  abou t  5000 b a se  p a i r s  long  (C raw ford ,  I 964 ) ,
T h is  i s  enough t o  code f o r  up t o  t e n  p r o t e i n s :  i t  t h e r e f o r e  seems u n l i k e l y
t h a t  t h e r e  can be much DNA d e v o id  o f  a p r o t e i n  s p e c i f y i n g  f u n c t i o n .  I f
t h e  v i r u s  p r o t e i n s  were s p e c i f i e d  by  sequences  c o n t a i n i n g  near - random  CpG 
l e v e l s ,  t h e n  o n ly  a bou t  one t h i r d  o f  t h e  DNA would be  a v a i l a b l e  f o r  p r o t e i n
s p e c i f i c a t i o n ,  i f  t h e  r e s t  were c o m p le te ly  l a c k in g  i n  CpG se q u e n c e s .
Thus,  i t  seems t h a t  i n  t h i s  case  t h e  non-random n e a r e s t - n e i g h b o u r  p a t t e r n  
must be r e l e v a n t  t o  p r o t e i n  s p e c i f i c a t i o n .
I f  GpG i s  found  a s  an i n t r a c o d o n  d i n u c l e o t i d e ,  t h e  amino a c i d s  in v o lv e d  
a r e  s e r i n e ,  p r o l i n e ,  t h r e o n i n e  and a l a n i n e ,  each  o f  which has  one codon o f
t h e  form NCG, and a r g i n i n e ,  which h a s  th e  f o u r  codons CGN. A l l  o f  
t h e s e  amino a c i d s  have o t h e r  codons .  The l e v e l  o f  GpG I n  v e r t e b r a t e -  
p a t t e r n  DNA i s  c o n s i s t e n t  w i t h ,  f i r s t ,  t h e  d o u b le t  b e in g  c o m p le t e ly  
e x c lud ed  from i n t r a c o d o n  o c c u r r e n c e  and ,  second ,  b e in g  low er  t h a n  
e x p e c te d  even i n  t h e  i n t e r c o d o n  p o s i t i o n .  Subak-Sharpe  e t  aj. .  ( 1966) 
have c a l c u l a t e d  t h a t  a DNA o f  random sequence ,  e x ce p t  t h a t  t h e  s t o p -  
codons TiVA and TAG, and t h e  codons NOG and CGN a r e  banned ,  would have a 
n e a r e s t - n e i g h b o u r  p a t t e r n  s i m i l a r  t o  t h a t  o f  v e r t e b r a t e  DNA, A l l  t h i s ,  
t h e r e f o r e ,  s u g g e s t s  t h a t  G pG -con ta in ing  codons a r e  l i t t l e  u s e d  i n  
v e r t e b r a t e  sy s te m s .
The s i t u a t i o n  i s  q u i t e  d i f f e r e n t  w i th  l a r g e  a n im a l  v i r u s e s ,  which 
c o n t a i n  "random e x p e c t a t i o n "  amounts o f  CpG. However, t h e s e  v i r u s e s  
m u l t i p l y  i n  c e l l s  whose DNA does have a low GpG l e v e l .  Subak-Sharpe  
e_t ^ 1 . ( 1966 ) p ro p o se d  t h a t  such  v e r t e b r a t e  c e l l s  would p o s s e s s  a 
p o p u l a t i o n  o f  tRNAs o p t i m a l l y  a d a p t e d  t o  t h e  t r a n s l a t i o n  needs  o f  t h e  
c e l l !  t h i s  v/as i n t e r p r e t e d  a s  meaning t h a t  t h e s e  c e l l s  would p o s s e s s  low 
l e v e l s  o f  tRNAs f o r  C pG -oon ta in ing  codons.  Then,  when t h e  CpG-r ich  jnElNA 
of  t h e  v i r u s  came t o  be t r a n s l a t e d ,  a " b o t t l e n e c k "  might  r e s u l t  from l a c k  
o f  n e c e s s a r y  tRNAs. There  i s  some ev idence  t h a t  h e r p e s  s im p le x  v i r u s  
may code f o r  new a r g i n y l  tRNAs, which a r e  p roduced  on i n f e c t i o n  (Subak- 
Sharpe & Hay, 1965; S u bak -S ha rp e ,  Shepherd & Hay, I 966 ) .
The concep t  o f  an  " o p t im a l  p o p u l a t i o n "  o f  tRNAs c o n t a i n i n g  low 
amounts o f  tRNAs f o r  C pG -con ta in ing  codons p r e s e n t s  some d i f f i c u l t i e s .
There  i s  e v id e n c e ,  f rom m u ta t io n  s t u d i e s ,  t h a t  mammalian DNA does u se  
a r g i n i n e  CGN codons ( P e r u t z  & Lehmann, I 9 6 8 ; King & J u k e s ,  I 969 ) ;  T h e r e f o r e ,  
t h e r e  must be some a r g i n y l  tRNA f o r  CGN. One c o u ld  a rgu e  t h a t  an
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" o p t im a l  p o p u l a t i o n "  o f  tRNAs sh o u ld  be one which a l l o w s  p r o t e i n  
s y n t h e s i s  t o  p ro c e e d  a t  an even r a t e ,  w i th  t h e  same s t e p - t i m e  p e r  
codon i . e .  t h e  c o n c e n t r a t i o n s  of  d i f f e r e n t  s p e c i e s  o f  a c t i v a t e d  
tRNAs sh o u ld  be c o m p arab le .  Each tRNA s p e c i e s  o c c u r s  i n  f o u r  fo rm s:  
a c t i v a t e d ,  bound t o  r ib o so m e ,  f r e e ,  and bound t o  a c t i v a t i n g  enzyme.
A tRNA f o r  a much u s e d  codon w i l l  p resum ably  have a l a r g e r  t o t a l  
amount r ibosom e-bound  th a n  a l i t t l e  u sed  tRNA. However, t h e  amounts 
o f  f r e e  and enzyme-bound s p e c i e s  n e c e s s a r y  t o  m a i n t a i n  t h e  l e v e l  o f  
a c t i v a t e d  tRNA w i l l  depend on th e  c o n c e n t r a t i o n  o f  a c t i v a t i n g  enzyme a s  
w e l l  a s  t h a t  o f  tRNA, Thus,  i t  does no t  ap pea r  a t  a l l  n e c e s s a r y  t h a t  
a tRNA which i s  l i t t l e  u se d  sh o u ld  be p r e s e n t  i n  t h e  c e l l  i n  much 
lower  amount t h a n  o t h e r  tRNAs.
The m é t h y l a t i o n  p a t t e r n  o f  mammalian DNA may be r e l e v a n t  t o  an 
u n d e r s t a n d i n g  o f  t h e  GpG l e v e l s .  5 - in e th y lc y to s in e  i s  found  i n  sm a l l  
amounts ( a b o u t  1^ o f  t o t a l  b a s e s )  i n  mammalian DNA, where i t  i s  t h e  o n ly  
m e th y la t e d  b ase  (W ya t t ,  1 9 5 l ) .  Most or a l l  o f  t h e  m e t h y l c y t o s i n e  i s  
found  i n  t h e  sequence  Me GpG, and i t  i s  e s t i m a t e d  t h a t  a l l  o r  most o f  t h e  
c y t o s i n e  i n  GpG becomes m e th y la t e d  (D o sk o c i l  & Sorm, I 962 ) .  T h is  i s  
q u i t e  u n l i k e  polyoma v i r u s  DNA, which has a s i m i l a r  n e a r e s t - n e i g h b o u r  
p a t t e r n  b u t  i s  n o t  m e t h y l a t e d  (Kaye & Winocour,  I 967 )# Any p o s s i b l e  
f u n c t i o n  o f  t h e  low CpG phenomenon i s  d i s c u s s e d  l a t e r ,
Subak-Sharpe  ( 1966) u s e d  t h e s e  d a ta  t o  a rg u e  t h a t  th e  n u c l e i c
a c i d s  o f  sm a l l  an im a l  v i r u s e s  must have a r i s e n  from t h e  DNA of  a h o s t -  
t y p e  c e l l  a t  some s t a g e ,  s i n c e  t h e  number o f  d i r e c t e d  b a se  changes 
r e q u i r e d  t o  a l t e r  s i g n i f i c a n t l y  t h e  n e a r e s t - n e i g h b o u r  p a t t e r n  o f  a v i r u s
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a f t e r  i t s  n u c l e i c  a c i d  became f u n c t i o n a l  i s  v e ry  l a r g e .  T h is  argument 
c o u ld  a l s o  be a p p l i e d  t o  t h e  sm a l l  phages o f  E . p q l l .  On t h e  o t h e r  hand,  
i t  a p p e a re d  t h a t  t h e  n u c l e i c  a c i d s  o f  t h e  l a r g e  an im al  v i r u s e s  must have 
f o r e i g n  o r i g i n s .
These i d e a s  can be e x te n d e d  t o  use  n e a r e s t - n e i g h b o u r  a n a l y s i s  as  a 
method of  c l a s s i f i c a t i o n  and an i n d i c a t o r  of  p o s s i b l e  ( e v o l u t i o n a r y )  
r e l a t i o n s  be tween  o rg a n is m s .  T h is  sh o u ld  be a more v a l i d  a p p ro a c h  th a n  
a t t e m p t s  t o  u se  b a se  r a t i o s  f o r  t h i s  p u r p o s e .  C l a s s i f i c a t i o n  can be 
pe r fo rm ed  i n  tv/o ways. F i r s t ,  q u a l i t a t i v e l y ,  t h e  p a t t e r n s  g iv e n  by 
d i f f e r e n t  DNAs can be compared v i s u a l l y .  N ex t ,  a q u a n t i t a t i v e  a p p roach  
has  been  u s e d  by B e l l e t t  ( 1967)9  who d id  n o t  u se  a b s o l u t e  f r e q u e n c i e s  bu t  
i n s t e a d  t h e i r  d e v i a t i o n s  from randoms t h i s  gave t e n  p a r a m e t e r s  f o r  each  
DNA (complementary  d o u b l e t s  were a v e r a g e d ) .  By computer  m ethods ,  t h e  
" d i s t a n c e " ,  sq u a r e d ,  i n  a 1 0 -d im e n s io n a l  space  f o r  each  DNA from e v ery  
o t h e r  DNA was c a l c u l a t e d ,  and r e s u l t s  c l a s s i f i e d  by a  f l e x i b l e  s o r t i n g  
method. DNAs were t h e n  g rouped  by a p r i n c i p l e - a x i s  t e c h n i q u e .  R e s u l t s  
a g r e e d  g e n e r a l l y  w i t h  t h o s e  from v i s u a l  i n t e r p r e t a t i o n .  I n t e r e s t i n g l y ,  
t h e  p a p i l lo m a  v i r u s e s  were p l a c e d  c lo s e  to  i n v e r t e b r a t e  DNAs,and 
a d e n o v i r u s  2 was a b o r d e r l i n e  c a s e ,  n o t  e a s i l y  c l a s s i f i e d .
The d e t a i l  o f  t h i s  method seems t o  have s e v e r a l  d e f e c t s .  The use
of  d e v i a t i o n s  from random i n s t e a d  of  t o t a l  f r e q u e n c i e s  a p p e a r s  u n j u s t i f i e d ,  
s i n c e  t h e r e b y  t h e  (G 4 C) c o n t e n t  i s  i g n o r e d ,  B e l l e t t  ( 1967 ) s t a t e s  t h a t  
i n c l u s i o n  o f  t h e  (G + C) c o n t e n t  a s  a n o th e r  p a ra m e te r  made l i t t l e  
d i f f e r e n c e ;  t h i s  i s  i n e v i t a b l e  s i n c e ,  p r e s e n t e d  i n  t h i s  way, i t  i s  one 
p a ra m e te r  ou t  o f  e l e v e n .  F i n a l l y ,  t h e  u se  o f  a l l  t e n  d o u b l e t  and
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d o u b l e t - p a i r  f r e q u e n c i e s  can be c r i t i c i s e d  s i n c e  o n ly  seven  o f  t h e s e
p a ra m e te r s  s p e c i f i e s  t h e  s e t  ( K a i s e r  & Baldwin ,  1962) .
The n e a r e s t - n e i g h b o u r  p a t t e r n  a p p e a r s  t o  be a v e r y  s t a b l e  
c h a r a c t e r i s t i c  o f  a DNA e . g .  mammalian DNAs g iv e  n e a r - i d e n t i c a l  p a t t e r n s .  
These d a ta  t h e r e f o r e  seem u s e f u l  f o r  comparison o f  r e m o te ly  r e l a t e d  
o rg an ism s ,  u n l i k e  t h e  DNA h y b r i d i s a t i o n  app ro ach  (McCarthy, I 965 )*
However, t h e  p o s s i b i l i t y  o f  s p u r i o u s  r e l a t i o n s  a p p e a r i n g ,  th r o u g h
c o n v e rg en c e ,  o r  t h e  same codon u s a g e ,  must be remembered.
Some a t t e m p t s  have been made t o  u se  n e a r e s t - n e i g h b o u r  a n a l y s i s  t o  
s tu d y  v a r i a t i o n s  i n  t r a n s c r i p t i o n  o f  DNA under  d i f f e r e n t  c o n d i t i o n s  
e . g .  SkaIka ^  a l .  ( 1966) s t u d i e d  t h e  v a r i a t i o n  o f  n e a r e s t - n e i g h b o u r  
p a t t e r n  w i th  a d d i t i o n  o f  h i s t o n e s .
1 . 2 . 6  E v a l u a t i o n  o f  t h e  Method
To summarise ,  n e a r e s t - n e i g h b o u r  a n a l y s i s  o f  n u c l e i c  a c i d s  g i v e s  
s t a b l e  p a t t e r n s  c h a r a c t e r i s t i c  o f  a g iv e n  n u c l e i c  a c i d .  I t  can g i v e  some 
l i m i t e d  i n f o r m a t i o n  a bo u t  codon u s a g e .  The GpG s h o r t a g e  i n  v e r t e b r a t e  
DNA i s  r e v e a l e d  a s  a v e ry  i n t e r e s t i n g ,  l a r g e  and c o n s i s t e n t  d e v i a t i o n .  
P a t t e r n s  a r e  v e r y  i n s e n s i t i v e  t o  change,  s i n c e  a l a r g e  number o f  d i r e c t e d  
b a se  changes  i s  r e q u i r e d  b e f o r e  t h e r e  i s  a v i s i b l e  a l t e r a t i o n  i n  
f r e q u e n c i e s ;  t h i s  i s  l i m i t e d  by  t h e  a c c u ra c y  o f  e s t i m a t i o n .  The sys tem  
i s  t h e r e f o r e  u s e l e s s  f o r  com par ison  o f  DNAs from c l o s e l y  r e l a t e d  s p e c i e s .  
The method can be  u se d  t o  o b t a i n  b a se  r a t i o s  from a sm a l l  amount o f  DNA 
(down t o  20 p g ) .  I n t e r p r e t a t i o n  o f  t h e  r e s u l t s  assumes t h a t  a 
r e p r e s e n t a t i v e  sample o f  l a b e l l e d  p ro d u c t  has  been made. T h i s  a ssu m p t io n
a p p e a r s  t o  be w e l l  j u s t i f i e d  w i t h  l a r g e ,  d o u b l e - s j r a n d e d  MAg, b u t  i s  
l e s s  w e l l  g rounded  w i th  v i r a l  n u c l e i c  a c i d s ,  e s p e c i a l l y  s i n g l e - s t r a n d e d  
s p e c i e s .  H e re ,  r e s u l t s  c o u ld  p o s s i b l y  depend on th e  amount o f  p ro d u c t  
made, on t h e  i n t e g r i t y  o f  t h e  t e m p l a t e  m a t e r i a l ,  and on t h e  enzyme t o  
t e m p l a t e  r a t i o .  Care must t h e r e f o r e  be t a k e n .  The method i s  q u i t e  
demanding t e c h n i c a l l y ,  s i n c e  i t  r e q u i r e s  q u a n t i t a t i v e  c o n v e r s i o n  o f  t h e  
p r o d u c t  t o  m o n o n u c le o t id e s .
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2 . 1  mTBRIALS
2 .1.1
E . p o l i  DNA p o l y m e r a s e  (DNA n u c l e o t i d y l t r a n s f e r a s e ,  E . G .  2 . 7 * 7 » 7 ) >  
f r a c t i o n  p 4 ,  w a s  b o u g h t  f r o m  W o r t h i n g t o n .  T h i s  p r e p a r a t i o n  w a s  
f u r t h e r  p u r i f i e d  b y  DEAE-c e l l u l o s e  c o l u m n  c h r o m a t o g r a p h y  a c c o r d i n g  
t o  R i c h a r d s o n ,  S c h i l d k r a u t ,  A p o s h i a n  & K o r n b e r g  ( 1964 )*  T h e  
p o l y m e r a s e  o b t a i n e d  b y  t h i s  m e t h o d  w a s  t o t a l l y  d e p e n d e n t  o n  a d d e d  
DNA f o r  a c t i v i t y .
H i c r o c o c o a l  n u c l e a s e  ( E . G .  3 * 1 . 4 * 7 )  w a s  b o u g h t  f r o m  W o r t h i n g t o n ,  
S c h w a r z  B i o r e s e a r c h  a n d  l îa n n *  T h e  p r o t e i n  w a s  d i s s o l v e d  i n  w a t e r  a t
15,000 u n i t s / m l  ( e n z y m e  u n i t s  a s  d e f i n e d  b y  C u n n in g h a m ,  G a t l i n  & d e  
G a r i l h e  ( 1 9 5 6 ) ) .  I t  v /a s  t h e n  h e a t e d  a t  lOO^G f o r  1  m i n  t o  d e s t r o y  
a n y  c o n t a m i n a t i n g  p h o s p h a t a s e  ( O h s a k a ,  M ulcai & L a s k o w s k i , I 964 ) .
Spleen  p h o s p h o d i e s t e r a s e  (E.G. 3 , 1 . 4 * l )  was bought  from W o r th in g to n ,  
Schwarz and Lfann, and was d i s s o l v e d  i n  w a te r  a t  20 u n i t s / m l  (enzyme 
u n i t s  a s  d e f i n e d  by î li lmoe ( 196O ) ) .  Some p r e p a r a t i o n s  o f  t h i s  enzyme
were c o n ta m in a te d  w i th  p h o s p h a t a s e .  P a n c r e a t i c  DNase (E.G. 3 . 1 . 4 * 5 )
was bought  from W o r th in g to n .  E. c o l i  a l k a l i n e  p h o s p h a t a s e  
(E.G. 3 , 1 . 3 . 1 ) was bough t  from N u t r i t i o n a l  B io c h e m ic a l s .
E . c o l i  HNA po lym erase  (RNA n u c l e o t i d y l t r a n s f e r a s e , ' E.G. 2 .7 * 7 .6 )  
was p r e p a r e d  by t h e  method o f  B u rg ess  ( 1969 )? and c o n t a i n e d  sigma 
f a c t o r .  The enzyme was s t o r e d  a t  5iîig/ml, -lO^G, i n  a  s o l u t i o n  
c o n t a i n i n g  0 .0 1  M - t r i s - G l ,  pH 7 . 9 , 0 .0 1  M-MgCl^, O .B U f C l ,  O.lmM- 
d i t h i o t h r e i t o l ,  0,lmM-EDTA and 5CÇ0 (v  / v  ) g l y c e r o l .  P r e p a r a t i o n s  
u se d  had s p e c i f i c  a c t i v i t i e s  o f  4 OO-5OO u n i t s / m g  (enzyme u n i t s  o f
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B urgess  ( 1969) und were f r e e  o f  n u c le a s e  and p o l y n u c l e o t i d e  
p h o s p h o r y l a s e  a c t i v i t i e s .  T h is  enzjniie was p r e p a r e d  by D.S . Lochhead, 
P . J o  Roach and D . J ,  J o l l y .
T^ r i b o n u c l e a s e  was bought  from W orth ing ton  and Sankyo,  and was 
d i s s o l v e d  i n  w a te r  a t  1 mg/ml. P a n c r e a t i c  r i b o n u c l e a s e  was bought
from W orth ing to n  and v/as d i s s o l v e d  i n  w a te r  a t  1 mg/ml. 
r i b o n u c l e a s e  was a g i f t  from G.G. Brownlee,  and was d i s s o l v e d  i n
0 .0 5  M"sodium a c e t a t e ,  pH 4*5,  c o n t a i n i n g  0 .00 2  M-EDTA and 0 . 1  mg/ml 
c r y s t a l l i n e  BSA, a t  a c o n c e n t r a t i o n  o f  10 u n i t s / m l  (Arima, Uchida & 
% a m i ,  1968 a , b ) .
2 . 1 . 2  N u c l e o t i d e s  and N u c l e i c  A a id s
r r * TiT f l iB im i <11 l m » . T i i r f - î i n - n - r ~ » ' . T r  n l f  1 m . . I .. . . . . . . . . . . . . .  m m 11  . 11 01 I ,1 I # .  r #  'I I I *  I  Ê .  I#
d e o x y n u c le o s id e  t r i p h o s p h a t e s  were p u r c h a s e d  from 
I n t e r n a t i o n a l  Chemical  & N u c le a r  Corp. J7- r i b o n u o l e o s i d e
t r i p h o s p h a t e s  were bought  from Sigma, r i b o n u o l e o s i d e
t r i p h o s p h a t e s  were bought  from New England N u c le a r .  The p u r i t y  o f
samples  was checked by c h ro m a tog raph in g  o v e r n i g h t  on Whatman N o . l  p a p e r  
v d t h  i s o b u t y r i c  a c i d “water-14M»ammonia ( 6 2 .5 :  35*3: 2 . 2 ,  by v o l . ) ,
E . c p l i  tRNA v/as p u rc h a se d  from Calbiochem. High m o le c u la r  w e igh t  
y e a s t  RNA was bought  f rom B r i t i s h  Drug Houses.
DNAs o f  t h e  p a r v o v i r u s e s  MVM, HI and RV were p r e p a r e d  by L.V. 
Crawford.  MVM DNA was a l s o  p r e p a r e d ,  a s  f o l l o w s ,  from v i r u s  s u p p l i e d  
by L.V. Crawford .
200 yig o f  v i r u s  was suspended  i n  0 .6ml 0 . 2  M-KOH, A f t e r  5 min
a t  20^0 t h e  s u s p e n s io n  v/as l a y e r e d  on t o  a s t e p  g r a d i e n t  o f  CsGl
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c o n s i s t i n g  o f  1 .4ml o f  CgCl ( l .4 0 & /m l)  i n  0 .05  M - t r i o - C l ,  pH 8 . 0 ,
(bo t tom  l a y e r )  t h e n  1.4ml o f  u n b u f f e r e d  GsCl ( l . 3 5 g / m l )  and 1 .4ml 
o f  u n b u f f e r e d  GsGl ( l . 3 0 g / m l ) .  The g r a d i e n t  was c e n t r i f u g e d  a t
48 ,0 0 0  r e v . / m i n  f o r  20 h i n  t h e  SY/50 head o f  a Spinco Model L 
c e n t r i f u g e .  The s u p e r n a t a n t  was removed, e x c e p t  f o r  a sm a l l  volume 
c o n t a i n i n g  t h e  DM p e l l e t ,  which was t h e n  suspended  i n  0 .0 2  M - t r i s « G l ,  
pH 8 . 0 ,  r e c e n t r i f u g e d  a t  4 8 ,0 0 0  r e v . / m i n  f o r  20 h and d i s s o l v e d  i n  0 . 1ml 
o f  0 .0 2  M - t r i s - C l ,  pH 6 .0 .
MAs from t h e  f o l l o w i n g  o rgan ism s  were p r e p a r e d  by H.M, K e i r ,  by 
t h e  method of  Marmur ( l 9 6 l ) :  B a c i l l u s  m e g a te r iu m ,P r o te u s  v u l g a r i s ,
R h o d o s p i i i l l u m  rubrum and S e r r a t i a  m arc esce n s .  A s p e r g i l l u s  n i d u l a n s  
DNA was o b t a i n e d  from G. P o n te o o rv o ,  and phage DNA from H. Subak- 
S h a rpe .  DNAs o f  human a d e n o v i r u s e s  4> 7> 11» 12, 18,  21 and 27 were 
o b t a i n e d  from M. G reen .  D ro s o p h i l a  m e la n o g a s te r  DNA was o b t a i n e d  from 
P.M. R i t o s s a ,  Rana c a t e s b e i a n a  DNA from A.M. Campbell ,  and mouse (G3H) 
s a t e l l i t e  and main band DNAs from P.M.B. W alker .  DNA from c a l f  thymus 
was p r e p a r e d  by t h e  method of  Kay, Simmons & Bounce (1 9 5 2 ) .  The 
b uoyan t  d e n s i t i e s  o f  t h e s e  DNAs were measured by e q u i l i b r i u m  
c e n t r i f u g a t i o n  i n  a Spinco  Model E u l t r a c e n t r i f u g e  (M ese lson ,  S t a h l  
k  Y ino g rad ,  195?)*
C a lf  tliymus DNA, f o r  u s e  a s  a c a r r i e r  i n  n e a r e s t - n e i g h b o u r  a n a l y s e s ,  
was d e n a t u r e d  b e f o r e  u se  by h e a t i n g ,  a t  1 mg/ml, f o r  10 min a t  lOO^G 
and th e n  c o o l i n g  on i c e .
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2 .2  . MA.SinîH,ïENT OP RADIOACTIVITY
R a d i o a c t i v i t y  and v/as measured by s e v e r a l  m e th o d s : -
32 141.  R o u t in e  measurements  o f  i n c o r p o r a t i o n  of  "P and  G i n t o  DNA
o r  RNA, and o f  r a d i o a c t i v i t y  i n  sm a l l  a l i q u o t s  o f  l a b e l l e d  f r a c t i o n s ,  
were made i n  a low -background  g a s - f lo w  c o u n t e r ,  o r  by d r y i n g  t h e  a l i q u o t  
on p a p e r  and m easu r in g  t o t a l  coun t  r a t e  i n  t o l u e n e ,  0 .5 ^ ( w /v )  PPG, 
i n  a l i q u i d  s c i n t i l l a t i o n  c o u n t e r ,
322,  P e f f l u e n t  f r a c t i o n s  from column chromotography were c o l l e c t e d  
d i r e c t l y  i n t o  s c i n t i l l a t i o n  v i a l s .  The v/as t h e n  d e te rm in e d  by 
m ea su r ing  t h e  whole o f  each  sam ple ,  w i th o u t  a d d i t i o n  o f  s c i n t i l l a t o r ,  
f o r  Cerenkov r a d i a t i o n  i n  a l i q u i d  s c i n t i l l a t i o n  c o u n te r  ( C lau sen ,  I 968 ) .
32p c ou n ted  a t  a bou t  2 0 /  e f f i c i e n c y  i n  t h i s  sys tem ,  and was n o t  a f f e c t e d
by t h e  p r e s e n c e  o f  p a p e r ,  o r  by h ig h  s a l t  c o n c e n t r a t i o n s ,  d id  n o t
r e g i s t e r  a t  a l l :  20 ,000 dpra gave background c o u n t  r a t e .  By t h i s  means
t h e  whole of  a column e f f l u e n t  co u ld  be r e c o v e r e d  f o r  f u r t h e r  u s e ,  and 
i n a c c u r a c y  due t o  t h e  w i th d r a w a l  o f  a l i q u o t s ,  f o r  m easurement ,  from 
f r a c t i o n s  o f  s l i g h t l y  v a r i a b l e  volume was a v o id e d ,
3 . ^^G and were d e te rm in e d  s i m u l t a n e o u s ly  by double  l a b e l  c o u n t in g
i n  t o l u e n e ,  0 , 5 /  (w/v)  PPG, i n  a l i q u i d  s c i n t i l l a t i o n  s p e c t r o m e t e r ,  
w i t h  e f f i c i e n c i e s  d e te rm in e d  by an e x t e r n a l  s t a n d a r d  c h a n n e l s  r a t i o  
method.
R a d i o a c t i v i t y  on p a p e r  was s o l u b i l i s e d ,  by i n c u b a t i o n  a t  60^G f o r
10 min i n  t h e  p r e s e n c e  o f  0 ,5m l  o f  1 ,0  M-hyamine h y d r o x id e .  The
4^
p r e s e n c e  o f  p a p e r  d id  n o t ,  i n  p r a c t i c e ,  a f f e c t  t h e  e x t e r n a l  s ta nd ard*
4» R a d i o a c t i v i t y  on p a p e r  chromatograms wag r e c o r d e d  w i t h  a N u c lea r  
Chicago A c t i g r a p h  s t r i p  scanner*
2*3 NEàREST-NEIGHBOÜR ANALYSIS
iirT*n-w-ni.iw>.HTi *  ..Jin Hi*ii>iii^TnrniT.*lfc<rT»r—II n-mmwinnm r*»** wr, m -
The p r i n c i p l e s  o f  t h i s  t e c h n iq u e  were d e s c r i b e d  i n  t h e  I n t r o d u c t i o n *  
The method u s e d  v/as b a se d  on t h a t  i n t r o d u c e d  by J o s s e  e;b ( 1961 ) and
e x te n d e d  and m o d i f i e d  by Swartz  ej^ a%* ( 1962) ,  J o s s e  & Swartz  ( 1963) ,
Subak™Sharpe £ t  a l ,  ( 1966) and M orr i son  a l*  ( 1967 ) .
2 . 3*1 A c t i v a t i o n  o f  LNAg and Measurement o f  Template  A c t i v i t i e s
Many DNA p r e p a r a t i o n s  have  q u i t e  low t e m p l a t e  a c t i v i t y  w i t h  E . c q l i  
DNA p o ly m e ra s e .  Most LNAs w ere ,  t h e r e f o r e ,  " a c t i v a t e d "  by v e ry  l i m i t e d  
d i g e s t i o n  w i th  p a n c r e a t i c  DNase, a s  d e s c r i b e d  by Aposh ian  & Kornberg  
( 1962 ) .  S i n g l e - s t r a n d e d  ( p a r v o v i r u s )  DNAs gave s a t i s f a c t o r y  r e s u l t s  
w i th o u t  DNase t r e a t m e n t .
DNAs were d i s s o l v e d  i n  O.O5 M-t r i s - Cl ,  0*005 M-EDTA, pH 7*5, o r  i n  
1 /10  SSG* The a c t i v a t e d  DNAs were  p r e p a r e d  by i n c u b a t i n g  50jug DNA f o r  
15 min a t  37^^ i n  1 .0ml o f  s o l u t i o n  c o n t a i n i n g  5 % 10” ^^g o f  c r y s t a l l i n e  
p a n c r e a t i c  DNase, 0*5mg o f  c r y s t a l l i n e  BSA, 5 ^ m o l  MgClg and 50 y.imol 
t r i s - G l ,  pH 7*5* DNase a c t i v i t y  was t h e n  d e s t r o y e d  by h e a t i n g  a t  77^0 
f o r  5 min*
The t e m p l a t e  a c t i v i t y  o f  e ach  DNA p r e p a r a t i o n  was measured  i n  a 
t r i a l  i n c u b a t i o n  w i t h  p o ly m e ra s e .  5 jug o f  DNA was i n c u b a t e d  a t  37^0
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f o r  30 min i n  0 ,3m i  o f  s o l u t i o n  c o n t a i n i n g  5 nmol each  d/dfP, dGTP, 
dCTP and TTP, v/ i ih  one o f  t h e s e  l ^ t> e l le d ,  20 jLimol t r i s - C l ,
pH 7*5? 2 j^mol MgGlg, 30 nmol 2 - m e r c a p t o e t h a n o l ,  and DNA p o ly m e ra s e .  A 
0 .05m l  sample  was t h e n  withdrawn and p i p e t t e d  on t o  a Whatman N o . l  
p a p e r  d i s c  p r e v i o u s l y  t r e a t e d  w i th  0 .05ml BSA, 2mg/ml. T h i s  d i s c  v/as
immersed f o r  10 min i n  c o ld  5^ (v//v) TCA, c o n t a i n i n g  50 mM-sodium 
p y r o p h o s p h a t e ,  and was t h e n  washed tw ic e  i n  c o ld  5!  ^ (w/v) TCA, tw ic e  
i n  e t h a n o l ,  and t w i c e  i n  e t h e r ,  and c ou n ted  i n  a g a s - f l o w  c o u n t e r .
T h i s  a s s a y  was sometimes ru n  a t  h a l f  s c a l e .  S u f f i c i e n t  p o ly m erase  was
u s e d  t o  g i v e  a b o u t  5^  i n c o r p o r a t i o n  o f  r a d i o a c t i v i t y  w i t h  a c t i v a t e d  
c a l f  thymus DNA, U s u a l l y  / u  ^^P_7- TTP was u se d  a s  l a b e l .  The 
t e m p l a t e  a c t i v i t y  o f  a c t i v a t e d  c a l f  tliymus DNA was measured  a t  t h e  same 
t im e  t o  a l l o w  l a t e r  co m par isons  o f  a c t i v i t y .  A c t i v i t y  measurements  on 
DNA po ly m erase  and checks  on l a b e l l e d  t r i p h o s p h a t e s  were made i n  t h e  
same way.
2 .3*2  P r e p a r a t i o n  o f  DNA i n  v i t r o .
Each r e a c t i o n  m ix tu r e  c o n t a i n e d ,  i n  0 .3 m l ,  o f  t h e  DNA u n d e r  
s t u d y ,  20 o f  E . c o l i  tRNA ( t o  i n h i b i t  any c o n ta m i n a t i n g  e n d o n u c le a se )
5 nmol each o f  dATP, dGTP, dGTP and TTP, 20 ^rrnol t r i s - G l ,  pH 7 . 5 ,  2 ;imol
MgClg, 30 nmol 2 -  m e r c a p t o e t h a n o l ,  and DNA p o ly m e ra s e .  Each
t r i p h o s p h a t e  i n  t u r n  was l a b e l l e d ,  w i t h  s p e c i f i c  a c t i v i t y
between 10 and 100 juGiy/umol. S u f f i c i e n t  DNA po lym erase  was added t o  
each  tu b e  t o  g i v e  20-3C^iS r e p l i c a t i o n  o f  t h e  DNA i n  30 min a t  37^0, 
However, r a t h e r  t h a n  make up e x a c t  d i l u t i o n s  o f  po ly m erase  f o r  each  
DNA, t h e  t e m p l a t e  a c t i v i t i e s  o f  t h e  DNAs were ap p ro x im a te d  i n t o  t h r e e
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or  f o u r  G la s s e s  and c o r r e s p o n d i n g  amounts o f  enzyme added .  B efo re  
u s e  t h e  po ly m erase  was d l a l y s e d  a g a i n s t  0 .05  M - t r i s « C l ,  0 .0 1  M-2- 
m e r c a p t o e t h a n o l ,  pH 7*5* A l l  d i l u t i o n s  o f  MA po lym erase  were made 
w i t h  a s o l u t i o n  c o n t a i n i n g  0 .05  M - t r i s - G l ,  pH 7 * 5 ?  0 . 1  M-ammonium 
s u l p h a t e ,  0 .0 1  M -2 -m e rc a p to e th a n o l ,  and c r y s t a l l i n e  BSA, Irag/ml 
(R ich a rd so n  ej^ al. ,  I 964 )» Round-bottomed g l a s s  t u b e s  (lO x 1.5cm) 
were u s e d  f o r  t h e  i n c u b a t i o n s  s i n c e  t h e s e  were s u i t a b l e  f o r  t h e  s i n g l e ­
e l e c t r o d e  pH m e te r  sys tem  u s e d  l a t e r  i n  t h e  p r o c e d u r e .  Tubes were 
i n c u b a t e d  a t  37^0 f o r  30 min, t h e n  co o led  on i c e .  A l l  d e t e r m i n a t i o n s  
were  c a r r i e d  th r o u g h  i n  d u p l i c a t e .
R e a c t i o n  m ix t u r e s  were k e p t  i n  i c e  d u r in g  t h e  p u r i f i c a t i o n  
p r o c e d u r e .  0 , 2 n l  o f  d e n a t u r e d  c a l f  thymus MA ( l  mg/ml) was added  t o  
t h e  i n c u b a t i o n  m ix tu r e  and t h e  m ix tu r e  v o r t e x e d .  At once ,  0 .5m l o f  
c o ld  7^ ( v / v )  p e r c h l o r i c  a c i d  was ad ded ,  and t h e  tu b e  v o r t e x e d  a g a i n .  
A f t e r  s t a n d i n g  f o r  5 -10  min,  2 .5ml o f  c o ld  w a te r  was added ,  and t h e  
p r e c i p i t a t e  c o l l e c t e d  by c e n t r i f u g i n g  a t  lOOOg^for 10 min, a t  O^G, The 
s u p e r n a t a n t  wag d i s c a r d e d ,  and t h e  p r e c i p i t a t e  d i s s o l v e d  i n  0 ,3m l  o f  
c o ld  0 . 2  MMaOH. Two more c y c l e s  o f  a c i d  p r e c i p i t a t i o n  were  c a r r i e d  
ou t  i n  t h e  same way. F i n a l l y ,  t h e  tu b e  was d r a i n e d  and d r i e d  c a r e f u l l y ,  
and t h e  MA d i s s o l v e d  i n  0 .1m l  o f  c o l d  0.05M-Na0H, 0 .2 M -* t r ig -b ase .
0 .3ml c o ld  w a te r  was added  and t h e  pH a d j u s t e d  t o  8 .6  ( i  0 , 2 )  w i t h  0 . 1  
M-HCl, u s i n g  a pH m ete r  e q u ip p e d  w i t h  a s i n g l e  e l e c t r o d e  sys tem .
2 .3*3 D i g e s t i o n  o f  DNA t o  3 ‘ - m o n o n u c l e o t i d e s .
0 .01m l o f  0 . 1  M-GaCl^ and  0 .01m l  o f  m ic r o c o c c a l  n u c l e a s e  s o l u t i o n
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( l5 ?0 0 0  u n i t s / m l )  were added ,  and  th e  m ix tu re  i n c u b a t e d  f o r  2 h a t  37^0*
0 .01ml o f  0 . 1  M-sodium a r s e n a t e ,  pH 7*0, v/as t h e n  added ( t o  i n h i b i t  any 
pho sp h o m o no es te ra se  i n  t h e  s p l e e n  p h o s p h o d i e s t e r a s e )  and  t h e  pH a d j u s t e d  
t o  6 . 0  » 0 . 2  w i t h  0 . 1  M-HCl, 0 .01ml o f  s p l e e n  p h o s p h o d i e s t e r a s e  
s o l u t i o n  (20  u n i t s / m l )  was t h e n  added and th e  m ix tu re  i n c u b a t e d  a t  37^G; 
f u r t h e r  0 .01m l  q u a n t i t i e s  o f  p h o s p h o d i e s t e r a s e  were added each  hour  f o r  
4 h .
Com ple teness  o f  d i g e s t i o n  t o  d e o x y n u c le o s id e  3 '  -  monophosphates  can 
be a s c e r t a i n e d  i n  t h r e e  ways.  The o r i g i n a l  method o f  J o s s e  g t  aJL. ( 1961)
32m easures  t h e  p r o p o r t i o n  o f  P which i s  s e n s i t i v e  t o  a l k a l i n e  p h o sp h a ta s e
i . e .  i s  i n  a t e r m i n a l  p o s i t i o n  i n  a n u c l e o t i d e  c h a i n .  The 
f o l l o w i n g  method i s  s i m p le r  and more r e l i a b l e  and was r e g u l a r l y  u s e d .
A sm a l l  a l i q u o t  o f  t h e  d i g e s t ,  u s u a l l y  0 .01 m l ,  was a p p l i e d  t o  DEAE p a p e r .  
About 2 0 jug o f  dGM? were added a s  u . v .  m arke r .  The p a p e r  v/as e l u t e d  
w i t h  0 . 2  M-ammonium a c e t a t e  c o n t a i n i n g  7 M-urea .  Chromatograms were 
ru n  a s c e n d in g  f o r  20cm. T h is  p ro c e d u re  s e p a r a t e s  o l i g o n u c l e o t i d e s  
a c c o r d i n g  t o  c h a in  l e n g t h  (Ohsaka o t  a^ l . , I 964 ) .  The m o n o n u c leo t id e s  
ru n  f a s t e s t  and form a doub le  peak  w i t h  dCMP and TMP s l i g h t l y  ahead  o f  
dAMP and dGî/IP, Any r a d i o a c t i v i t y  i n  t h e  o l i g o n u c l e o t i d e  r e g i o n  
i n d i c a t e d  t h a t  f u r t h e r  d i g e s t i o n  was r e q u i r e d .  T h is  method was u se d  
w i t h  abou t  one f i f t h  o f  t h e  t u b e s  i n  each  b a t c h .  I n  a d d i t i o n ,  a c r i t i c a l  
e x a m in a t io n  o f  t h e  r e s u l t s  o f  e l e c t r o p h o r e s i s  a f f o r d e d  a good i n d i c a t i o n  
o f  t h e  s t a t e  o f  d i g e s t i o n .  T h i s  i s  d i s c u s s e d  be low .
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2 .3*4  E l e c t r o p h o r e t i c  S e p a r a t i o n  o f  3 -  m o n o n u c le o t id e s .
Each d i g e s t  was c e n t r i f u g e d  a t  lOOOg f o r  10 min t o  sed im en t  any 
p r o t e i n  which had p r e c i p i t a t e d  d u r in g  t h e  d i g e s t i o n  p e r i o d .  The 
s u p e r n a t a n t  was th e n  c a r e f u l l y  removed.  O f te n ,  t h e  p r e c i p i t a t e  was 
v e ry  f r a g i l e  and some was removed w i th  t h e  s u p e r n a t a n t .  However t h i s  
d id  n o t  seem t o  have any e f f e c t  on th e  e l e c t r o p h o r e s i s .  The 
s u p e r n a t a n t s  were d r i e d  w i t h  an  a i r  s t r e am  a t  room t e m p e r a t u r e ,  and 
t h e n  d i s s o l v e d  i n  0 . 1ml w a t e r .
The d e o x y n u c le o s id e  3 ’-m onophosphates  were s e p a r a t e d  by h ig h  
v o l t a g e  e l e c t r o p h o r e s i s ,  on p a p e r ,  a t  pH 3*5 (Markham & Sm ith ,  1952) .
The i n c l u s i o n  o f  a r s e n a t e  i n  t h e  d i g e s t i o n  m ix tu r e  had a n . a d v e r s e  
e f f e c t  on t h e  e l e c t r o p h o r e t i c  s e p a r a t i o n ,  c a u s in g  bad s t r e a k i n g .  This  
was overcome by s p o t t i n g  o n ly  0 .04ml o f  each  d i g e s t  on t o  Yvhatman 3&ÏM 
p a p e r :  however ,  i f  c o u n t s  were low, t h e  t o t a l  sample was a p p l i e d  a s  a
3cm s t r e a k .  The b u f f e r  u s e d  f o r  e l e c t r o p h o r e s i s  was 0 .0 5  M-ammonium 
fo rm a te  a d j u s t e d  t o  pH 3*5 w i t h  lOOfo fo rm ic  a c i d .  Samples were 
e l e o t r o p h o r e s e d  f o r  7 kV-h i n  a w a t e r - c o o l e d  f l a t - p l a t e  a p p a r a t u s .
A f t e r  t h e  e l e c t r o p h o r e s i s  ru n  t h e  d r i e d  p a p e r  was examined under
u . v .  l i g h t .  N u c l e o t i d e s  sh o u ld  show up c l e a r l y  a s  d i s c r e t e  s p o t s .  The
o r d e r  i s :  o r i g i n ,  dOîÆP, dAMP, dG-MP, TMP, O f ten  t h e r e  was some u . v .
a b s o r b i n g  m a t e r i a l  n e a r  t h e  o r i g i n :  s i n c e  t h i s  was n o n - r a d i o a c t i v e ,  i t
was p r o b a b ly  p r o t e i n .  Any s t r e a k i n g  o f  t h e  s p o t s ,  i n a d e q u a t e  s e p a r a t i o n ,
or  p r e s e n c e  o f  u . v  . a b s o r p t i o n ,  e i t h e r  c o n t in u o u s  or  a s  d i s c r e t e  s p o t s
o u t s i d e  t h e  main s p o t s ,  was n o t e d .  A l l  s p o t s  were marked and th e
32e n t i r e  p a p e r  s t r i p ,  c o r r e s p o n d i n g  t o  each  d i g e s t  was c u t  up and P
54
n.easured i n  a  s c i n t i l l a t i o n  c o u n t e r ,  u s i n g  t o l u e n e  -  PPO s c i n t i l l a t o r ,  
( s i n c e  t h e  n u c l e o t i d e s  and i n o r g a n i c  ph osp h a te  a r e  i n s o l u b l e  i n  
t o l u e n e  s c i n t i l l a t o r ,  t h i s  can be r e c o v e r e d  and r e - u s e d ) .  The 
r a d i o a c t i v i t y  i n  each  o f  t h e  n u c l e o t i d e  s p o t s  was e x p r e s s e d  a s  a f r a c t i o n  
of t h e  t o t a l  n u c l e o t i d e  c o u n t s .
Each e l e c t r o p h o r e s i s  r e s u l t  was examined by t h e  f o l l o w i n g  c r i t e r i a .  
A p a r t  from t h e  i r r e g u l a r  n o n - r a d i o a c t i v e  a b s o r p t i o n  sometimes found n e a r  
t h e  o r i g i n  t h e r e  sh o u ld  be no u .  v , a b s o r p t i o n  between t h e  m o no n u c leo t id es  
The n u c l e o t i d e s  sh o u ld  a p p e a r  a s  w e l l - s e p a r a t e d  n o n - s t r e a k e d  s p o t s .
Over 98/0 o f  t h e  t o t a l  r a d i o a c t i v i t y  shou ld  be i n  t h e  n u c l e o t i d e  s p o t s :  
u . v .  a b s o r p t i o n  o r  more t h a n  ^  o f  t h e  t o t a l  c o u n ts  o u t s i d e  t h e  
n u c l e o t i d e  a r e a s  g e n e r a l l y  i n d i c a t e d  t h a t  d i g e s t i o n  v/as i n c o m p l e t e .  There  
sh o u ld  be c l o s e  ag reem ent  ( w i t h i n  1 . 5^  u n i t s )  between c o r r e s p o n d i n g  
n u c l e o t i d e s  i n  d u p l i c a t e  r u n s .  L arg e r  d i f f e r e n c e s  u s u a l l y  a l s o  
c o r r e s p o n d e d  t o  in c o m p le t e  d i g e s t i o n ,  ( i n c o m p le t e  d i g e s t i o n  g i v e s  
p r o d u c t s ,  e . g .  d i n u c l e o t i d e s ,  which move f a s t e r  t h a n  dCIidP o r  d k liV  so t h a t  
t h e  f r a c t i o n  o f  r a d i o a c t i v i t y  i n  t h e  dCMP and TÎÆP a r e a s  i s  e l e v a t e d ) .  I f ,  
any  of  t h e s e  s i g n s  were  s e e n ,  t h e  r e m a in in g  p o r t i o n  o f  t h e  d i g e s t i o n  
m ix tu re  was made up t o  0 .3m l  w i t h  w a t e r ,  t h e  pH a d j u s t e d  t o  6 .8  and 
p h o s p h o d i e s t e r a s e  t r e a t m e n t  c o n t i n u e d .  The e l e c t r o p h o r e s i s  was th e n  
r e p e a t e d .
An i m p o r t a n t  a u x i l i a r y  f u n c t i o n  o f  e l e c t r o p h o r e s i s  was t o  s e p a r a t e
i n o r g a n i c  p h o sp h a te  from t h e  n u c l e o t i d e s  and t h u s  a l l o w  t h e  d e t e c t i o n  
32o f  any  P i n  i n o r g a n i c  p h o s p h a t e ,  r e s u l t i n g  from p hosphom onoes te rase
a c t i o n .  However, i t  was found  n e c e s s a r y ,  t o  a c h i e v e  good s e p a r a t i o n ,  t o  
r u n  TîÆP a lm o s t  to  t h e  l i m i t  o f  t h e  p a p e r ,  and s i n c e  i n o r g a n i c  p hospha te
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move a f a s t e r  t h a n  TiVIP, i t  was t h e r e f o r e  ru n  o f f  t h e  p a p e r .
A c c o r d i n g l y ,  f o r  some o f  t h e  a s s a y  t u b e s  i n  each  b a t c h ,  a p o r t i o n  
was e l e o t r o p h o r e s e d  f o r  3kV-h. Marker p h o sp h a te  was i n c l u d e d  and 
d e t e c t e d  w i t h  an ammonium m olybda te  sp r a y  r e a g e n t .  R a d i o a c t i v i t y  i n  
t h e  i n o r g a n i c  p h o sp h a te  was u s u a l l y  abou t  l^o of  t h e  t o t a l ,  and sh o u ld  
n o t  exceed
When t h e  “ t r i p h o s p h a t e  su p p ly  s i t u a t i o n  a l l o w e d ,  i t  was
u s e f u l ,  f o r  a g iv e n  DMA, t o  p e r fo rm  t h e  dCTP and Z ^  ^^P^y-dGTP
a n a l y s e s  a t  t h e  same t im e .  T h i s  i s  b e c a u s e ,  f o r  a d o u b l e - s t r a n d e d  
DNA, t h e  f r a c t i o n  o f  r a d i o a c t i v i t y  i n  3*"dCI\ÎP, from Z ^  ^  « dGTP, sh ou ld
e q u a l  t h a t  i n  3'"dGtrP from Z ^  ^ " ^^TP, w i th o u t  f i n a l  f r e q u e n c y  
c a l c u l a t i o n ;  and  s i m i l a r l y  f o r  dAMP and TMP, T h is  i s  a u s e f u l  check 
t h a t  t h e  sys tem  i s  f u n c t i o n i n g  p r o p e r l y ,  b u t  i t  does n o t  h o l d  f o r  s i n g l e ­
s t r a n d e d  DNAs.
The p r i n c i p l e s  o f  o b t a i n i n g  d i n u c l e o t i d e  f r e q u e n c i e s  f rom t h e  d a ta  
have been  o u t l i n e d  i n  t h e  I n t r o d u c t i o n ,  I n  p r a c t i c e  an O l i v e t t i  
Programma d esk  computer  was u s e d  t o  s o lv e  t h e  s im u l ta n e o u s  e q u a t i o n s  
i n v o l v e d ;  t h i s  machine was a l s o  u s e d  f o r  o t h e r  r o u t i n e  c a l c u l a t i o n s ,
2 . 4  PY R IM ID IN E  SEQUENCE S T U D IE S .
The d e s ig n  o f  t h e s e  e x p e r im e n t s  i s  d e s c r i b e d  i n  S e c t i o n  4*1 •
2 . 4*1  E a r l y  E x p e r im e n t s ,
DNA l a b e l l e d  w i th  dGTP was s y n t h e s i s e d  du y i t r_q  a s
d e s c r i b e d  f o r  n e a r e s t - n e i g h b o u r  a n a l y s i s .  MVM and c a l f  thymus DNAs
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were u s e d  a s  t e m p l a t e s .  Such p r e p a r a t i o n s  were d i g e s t e d  t o  p y r im id in e
r u n s  by t h e  methods of  S h a p i ro  & C h a rg a f f  (1957) and o f  B u r to n  &
P e t e r s e n  ( 1960 ) ,  Samples o f  t h e s e  d i g e s t s  were f r a c t i o n a t e d  by two-
d im e n s io n a l  p a p e r  c h ro m a to g ra p h y , a c c o r d i n g  t o  S h a p i ro  & C h a rg a f f  ( 1963 ) .
Whatman n o . l  p a p e r  was u s e d ,  and was d e v e lo p ed ,  d e s c e n d in g ,  f i r s t  w i th
i s o p r o p a n o l - w a t e r  (7 = 3 , v  /  v ) i n  an a tm osphere  o f  c o n c e n t r a t e d  ammonia,
f o r  72h a t  30^0,  The p a p e r  was t h e n  d r i e d  and d eve loped  a t  r i g h t
a n g l e s  t o  t h e  f i r s t  d im ens ion  w i th  i s o b u t y r i c  a c i d  -  0.3M-NH.OH ( 5 0 ?
4
v / v  ) ,  f o r  36h a t  20^0, R a d i o a c t i v i t y  was d e t e c t e d  by a u t o r a d i o g r a p h y  
w i t h  Kodak I n d u s t r e x  x - r a y  f i l m .  G e n e r a l l y ,  10-12 s p o t s  were  r e s o l v e d ,  
A d e t a i l e d  i n v e s t i g a t i o n  of  p y r im id in e  sequences  was.made a s  
f o l l o w s .
2 , 4*2  P r e p a r a t i o n  o f  P y r im id in e  Runs from MYÎ'i DNA.
DNA l a b e l l e d  w i t h  and r e p l i c a t e d  i n  v i . t r o from I.TOI DNA,
was p r e p a r e d  a s  f o l l o w s .  40 jag MVli DNA was i n c u b a t e d  f o r  15O min a t  
3 7 ^ 0  i n  a volume o f  2 .35^1  c o n t a i n i n g  I 60 j ig  E . c o l i  tRNA, 100 nmol 
l ' a  dGTP (S.A. 4 OO ; iC i / p m o l ) , 100 i m o l  dCTP (S .A ,  29
p G i /p m o l ) ,  150 nmol each  of  dATP and TTP, l6 0  ^iraol t r i s - G l ,  pH.7 , 5 , I 6 
jjunol % G l g ,  240 nmol 2 ~ m e rc a p to e th a n o l  and 11 u n i t s  o f  g ,  c o l i  DNA 
po lym erase  (enzyme u n i t s  o f  R ic h a rd so n  _et aj. .  ( 1964 ) ) .  The p r o g r e s s  o f  
t h e  r e a c t i o n  v/as fo l lo w e d  by  w i thd raw in g  0.005ml samples a t  0 ,  4 0 ? 80,
120 and 150 min. The a c i d - p r e c i p i t a b l e  r a d i o a c t i v i t y  i n  t h e s e  v/as 
measured  i n  a g a s - f l o w  c o u n te r  a s  d e s c r i b e d  f o r  t h e  DNA p o ly m erase  a s s a y .  
A f t e r  150 min t h e  r e a c t i o n  m ix tu r e  was c h i l l e d  i n  i c e .  4i^l o f  d e n a tu r e d  
c a l f  thymus DNA (l*8mg/m3) was added  as  c a r r i e r  t o  t h e  c o ld  r e a c t i o n
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m ix tu re  and v o r t e x e d .  At once ,  4 ml o f  7^ ( v / v )  p e r c h l o r i c  a c i d  v/as 
ad d ed ,  and t h e  m ix tu r e  v o r t e x e d .  A f t e r  s t a n d in g  f o r  5 min,  20ml o f  
c o ld  w a te r  was ad ded .  The p r e c i p i t a t e  was c o l l e c t e d  by c e n t r i f u g i n g  
a t  1000 g  f o r  15 min. The s u p e r n a t a n t  was d i s c a r d e d  and t h e  
p r e c i p i t a t e  d i s s o l v e d  i n  2ml o f  0.2M-Ma0H, Acid  p r e c i p i t a t i o n  was 
r e p e a t e d  t w i c e ,  and t h e  MA f i n a l l y  d i s s o l v e d  i n  2 .3ml o f  0.05M“Na0H. 
The r e c o v e r y  o f  a c i d - p r e c i p i t a b l e  r a d i o a c t i v i t y  t l i rough  t h e  wash ing  
p ro c e d u re  was g r e a t e r  t h a n  SO fo, A sm a l l  a l i q u o t  was wi thdrawn f o r  
n e a r e s t - n e i g h b o u r  a n a l y s i s .  T h is  was pe rform ed a s  d e s c r i b e d  b e f o r e ,  
e xce p t  t h a t  r a d i o a c t i v i t y  was measured  by double  l a b e l  c o u n t i n g  f o r  
and i n  a s c i n t i l l a t i o n  s p e c t r o m e t e r .
A f t e r  a d d i t i o n  o f  10ml o f  c a l f  tliymus MA, 1 . 8mg/ml, t h e  l a b e l l e d  
DNA was d i g e s t e d  t o  p y r i m i d i n e  r u n s  by t h e  method o f  B u r to n  & P e t e r s e n  
( i 960 ) .  24ml o f  jfo  (w /v)  d iph en y lam in e  i n  lOOfo fo rm ic  a c i d  was added 
t o  t h e  DNA s o l u t i o n ,  and i n c u b a t e d  f o r  18 h a t  37^0 i n  t h e  d a rk ,  20ml 
o f  w a te r  was added  and t h e  r e a g e n t s  were th e n  removed by r e p e a t e d  
e x t r a c t i o n  w i t h  s i x  volumes o f  e t h e r .  T r a c e s  o f  fo rm ic  a c i d  were t h e n  
removed by e v a p o r a t i o n  a t  60«65^G i u  yacuQ. L i th iu m  a c e t a t e  was added 
t o  t h e  r e m a in in g  s o l u t i o n  t o  a f i n a l  c o n c e n t r a t i o n  o f  O.OIM and t h e  pH 
a d j u s t e d  t o  5*3 w i t h  O.IM-NH^OH. The r e c o v e r y  o f  r a d i o a c t i v i t y  over  
a c i d  d i g e s t i o n  and e t h e r  e x t r a c t i o n  was g r e a t e r  t h a n  7(^*
2 . 4*3 S e p a r a t i o n  o f  P y r im id in e  Buns by Length.
The p y r i m i d i n e  r u n s  were f r a c t i o n a t e d  by column ch rom atography  on 
D E A E -ce l lu lo se ,  a c c o r d i n g  t o  S p e n c e r ,  Gape, Marks & Mushynski ( 1969) .
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M i c r o g r a n u l a r , p r e s w o l l e n  DEÂE-c e l l u l o s e  (Whatman ‘DE52) was f r e e d  
from f i n e s  by r e p e a t e d  d é c a n t a t i o n  from 0*5 M-NaCl, and packed  i n t o  s 
column, 30 x 1 .0cm. The column was washed w i th  500ml o f  2 . 0  M-NaOl 
and th e n  w i t h  300ml o f  0 .0 1  M ~li th lum  a c e t a t e ,  pH 5*3* A l l  s o l u t i o n s  
were pumped th r o u g h  t h e  column a t  25m l/h .  The s o l u t i o n  o f  d i g e s t e d  
DNA was n e x t  lo a d e d  on t o  t h e  column. F r a c t i o n s  were c o l l e c t e d  e v e r y  
30 min d i r e c t l y  i n t o  s c i n t i l l a t i o n  c o u n te r  v i a l s ,  and t h e  u . v .  
a b so rb a n c e  o f  t h e  column e f f l u e n t  was m o n i to re d  a t  254nm w i th  a 
U v ic o rd .  The column was washed w i t h  300ml o f  0 .0 1  M - l i t h i u m  a c e t a t e ,  
pH 5-3? t o  remove p u r i n e  b a s e s .  P y r im id in e  r u n s  were e l u t e d  v / i th  a 
l i n e a r  g r a d i e n t  o f  L iCl i n  0 .0 1  M - l i th iu m  a c e t a t e ,  pH 5*3', from 0 t o  
0 .4  M»LiCl. The t o t a l  volume o f  t h e  g r a d i e n t  was 1100ml. A f t e r  
s t a r t i n g  t h e  g r a d i e n t ,  f r a c t i o n s  were c o l l e c t e d  a t  20 min i n t e r v a l s  
u n t i l  i s o s t i c h  V was e l u t e d ,  and t h e n  a t  .15 min i n t e r v a l s .  A f t e r
32c o m p le t io n  o f  t h e  g r a d i e n t ,  t h e  column v/as washed w i th  l .OM -LiCl .  P
e l u t e d  from t h e  column was d e t e c t e d  by m easu r ing  t h e  whole o f  each
sample  f o r  Cerenkov r a d i a t i o n .  Recovery  o f  from t h e  column v/as
g r e a t e r  t h a n  99/^*
As d e s c r i b e d  by S p en ce r  & C h a r g a f f  ( 19651) and by S pencer  ejb aj. .
( 1969)? t h e  p u r i n e  b a s e s  were washed o f f  t h e  column im m e d ia te ly .
32However, a l a r g e  peak o f  P was e l u t e d  c l o s e l y  a f t e r  t h e  p u r i n e  b a s e s .  
T h is  was t e n t a t i v e l y  i d e n t i f i e d  a s  i n o r g a n i c  p h o sp h a te ;  i t s  p o s i t i o n  
c o n t r a s t s  w i t h  t h e  f i n d i n g s  o f  Gerny, Mushynski & Spencer  ( 1968 ) ,  who 
d e t e c t e d  an i n o r g a n i c  p h o sp h a te  peak  o n ly  a f t e r  t h e  s t a r t  o f  t h e  
g r a d i e n t .  I n  t h e  p r e s e n t  c a s e  t h e  peak d e s c r i b e d  had a lo n g  t r a i l i n g
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ed g e ,  and  a s m a l l ,  r e s i d u a l  peak  was f i n a l l y  e l u t e d  a f t e r  s t a r t i n g  
t h e  g r a d i e n t ,  i n  t h e  p o s i t i o n  d e s c r i b e d  by Gerny ej^ aJ.. ( 1968 ) f o r  
i n o r g a n i c  p h o s p h a t e .  T h is  e l u t i o n  p a t t e r n  was p resum ab ly  due t o  
some s m a l l  d i f f e r e n c e s  i n  i o n  c o n c e n t r a t i o n s .  The a p p e a ra n c e  o f
u . v .  p eak s  i n  t h e  g r a d i e n t  c o r r e s p o n d e d  c l o s e l y  w i th  t h e  r e s u l t s  of
3 o
Spencer  n t  aJL. ( 1969)* Minor u . v .  p e a k s ,  n o t  c o n t a i n i n g  P ,  were 
o b se rv ed  i n  f r o n t  o f  i s o s t i c h s  I  and I I ;  p o s s i b l y  t h e s e  c o n t a i n e d  
some d e p h o s p h o r y l a t e d  m a t e r i a l .  They were n o t  f u r t h e r  examined.
p eak s  c o i n c i d e n t  w i t h  t h e  u . v ,  peaks  were found  f o r  i s o s t i c h s
I  “ X I II . ^ 'P was a l s o  found  i n  t h e  f i n a l  peak ,  d e s i g n a t e d  "IX".
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The s i z e  o f  t h e  P p eaks  d e c r e a s e d ,  w i t h  i n c r e a s e  o f  i s o s t i c h  l e n g t h ,
32more r a p i d l y  t h a n  t h e  u . v .  p e a k s ,  s i n c e  t h e  P v/as p r e s e n t  o n ly  a t  
t h e  3 *“ 0nds o f  i s o s t i c h s .
F r a c t i o n s  c o r r e s p o n d i n g  t o  each  i s o s t i c h  were p o o le d  and t h e i r  
pH a d j u s t e d  t o  5*0 w i t h  0 . 1  M - a c e t i c  a c i d .  T h e i r  volumes were n o te d  
and th e  a b s o r b a n c e  a t  270 nm m easured ,  (T h is  i s  t h e  i s o s b e s t i c  
w a v e le n g th  f o r  p y r i m i d i n e  n u c l e o t i d e s  a t  pH 5 . 0 ,  d e te rm in e d  by S p e n c e r ,  
Gape, Marks & Mushynski ( 1968 ) ) ,  Prom t h e s e  d a ta  t h e  d i s t r i b u t i o n  o f  
p y r i m i d i n e  r u n s  i n  c a l f  thymus MA was c a l c u l a t e d .
2 ,4*4 S e p a r a t i o n  c f  P y r im id in e  Runs by Base Com posi t ion .
Samples o f  i s o s t i c h s  I  t o  V were d e s a l t e d  by g e l - f i l t r a t i o n  on 
B io g e l  p2 ( U z i e l ,  1967) ,  10ml samples  were lo ad e d  on t o  a column o f  
B i o g e l  p2 (100  X  2 , 5cm) and washed th r o u g h  w i th  w a te r  a t  a f low  r a t e  
o f  lOral /min, 10ml f r a c t i o n s  were c o l l e c t e d  i n t o  s c i n t i l l a t i o n  v i a l s ,
6.0
32The peak P f r a c t i o n s  were p o o le d  and c o n c e n t r a t e d  by r o t a r y  
e v a p o r a t i o n  a t  40^50^0.  A l i q u o t s  were a p p l i e d  t o  3tfi  p a p e r  and 
e l e o t r o p h o r e s e d  f o r  4 kV-h i n  0 ,05  M-armnonium fo rm a te  a d j u s t e d  t o  
pH 3 , 0  w i th  \O O fo f o r m ic  a c i d .  Marker n u c l e o t i d e s  were r u n  i n  
p a r a l l e l .  A l th o u g h  m arke rs  were s e p a r a t e d  c l e a n l y ,  t h e  i s o s t i c h  
m a t e r i a l  s t r e a k e d  b a d l y ,  p resum ab ly  b e ca u se  some s a l t  had n o t  been 
removed. L a t e r  s e p a r a t i o n s  were t h e r e f o r e  c a r r i e d  o u t  on DHAE- 
c e l l u l o s e  columns a t  lov/ pH, by t h e  method o f  Gerny ejb _al. ( 1 9 6 8 ) ,  a s  
f o l l o w s .
D E A E -ce l lu lose  (Whatman DH5 2 ) v/as f r e e d  o f  f i n e s  by d é c a n t a t i o n ,
and packed  i n t o  a column, 30 x l.Oom, i n  0 .5  M-formic a c i d .  The
column was washed w i t h  100ml o f  l .OM -form ic  a c i d  and t h e n  w i t h  w a te r
t i l l  t h e  pH o f  t h e  e f f l u e n t  was g r e a t e r  t h a n  3*5* A l l  s o l u t i o n s  were
pumped th r o u g h  t h e  column a t  25m l/h .  An a l i q u o t  o f  t h e  i s o s t i c h
f r a c t i o n  u n d e r  s tu d y  was d i l u t e d  w i th  two volumes o f  w a t e r  and pumped
on t o  t h e  column w i t h o u t  any pH a d ju s tm e n t .  The u . v .  a b s o r b a n c e  o f
t h e  column e f f l u e n t  was m o n i to r e d  a t  254 nm w i th  a  U v ic o rd .  F r a c t i o n s
were c o l l e c t e d  a t  20 min i n t e r v a l s  i n t o  s c i n t i l l a t i o n  v i a l s .  The
column was washed w i t h  O . lM -fo rm ic  a c i d  u n t i l  pH and a b s o r b a n c e  a t  254
nm of  t h e  e f f l u e n t  were t h e  same as  t h e  e l u e n t .  The column was t h e n
d e v e lop ed  w i th  a l i n e a r  g r a d i e n t  o f  ammonium f o r m a te .  The f i r s t
g r a d i e n t  v e s s e l  c o n t a i n e d  0 . 1  M-formic a c i d  (pH 2 . ? ) ,  and t h e  second 0 .5
M^ammonium fo r m a te  a d j u s t e d  t o  pH 3 .1  w i t h  lOOfo f o rm ic  a c i d .  The
32t o t a l  volume o f  t h e  g r a d i e n t  was 400 -»500ml. P was d e t e c t e d  by 
Cerenkov c o u n t i n g .
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W ith  t h i s  t e c h n i q u e ,  p y r i m i d i n e  r u n s  c o n t a i n i n g  o n ly  c y t i d i n e
a r e  e l u t e d  f i r s t ,  and ru n s  w i t h  h i g h e r  p r o p o r t i o n s  o f  th y m id in e  a p p ea r
32
i n  s u c c e s s i o n .  P peak s  were c o i n c i d e n t  w i th  u . v .  peaks  d e t e c t e d  on 
t h e  U v ic o rd ,  I s o s t i c h s  I  t o  IV were f r a c t i o n a t e d  i n  t h i s  way. I n  
e ach  c a s e ,  be tween 4 and &fo o f  t h e  ^^P was found i n  t h e  0 , 1  M- fo rm ic  
a c i d  wash.
F r a c t i o n s  c o r r e s p o n d i n g  t o  each  peak  were p o o le d ,  t h e i r  pH
a d j u s t e d  t o  3 .0  w i t h  0 .1  M - a c e t i c  a c id ? a n d  t h e i r  volume m easured .
Absorbance  a t  267.5  am ( t h e  i s o s b e s t i c  w a v e le n g th  a t  pH 3 . 0 ,  a c c o r d i n g
t o  Gerny jet a l ,  ( l 968 ))v/as m easured .  A l i q u o t s  from e ach  peak  were 
32m easured  f o r  P by Cerenkov c o u n t i n g .  Samples o f  each  peak were 
c o n c e n t r a t e d  by r o t a r y  e v a p o r a t i o n  i n  y aquo a t  40 - 50^0 . Ammonium
fo rm a te  was t h e n  removed by s u b l i m a t io n  i n  vacuo a t  60-65^C, N u c l e o t id e  
m a t e r i a l  was d i s s o l v e d  i n  1 .0ml o f  4mAï- tr is -G l,  pH 8.9* A l i q u o t s  were 
m easured  i n  a s c i n t i l l a t i o n  s p e c t r o m e t e r  t o  d e te rm in e  ^^P and dpm.
2 .4*5 D e te r m in a t io n  o f  3^™end Groups.
0 .3ml o f  each  sam ple ,  i n  5m M -tr i8 -C l ,  pH8.9? was i n c u b a t e d  w i th  
0 ,01ml o f  O.lM-CaGl^ and 0 .03ml o f  m ic r o c o c c a l  n u c l e a s e  (15 ,0 00  u n i t s /  
ml) f o r  20h a t  37^G. 0 .01m l o f  0,11'Usodium a r s e n a t e ,  pH 7*0., was th en
added t o  each  sample and t h e  pH a d j u s t e d  t o  6 .8  -  0 . 2  w i t h  O.lM-HGl, 
0 .01ml o f  s p l e e n  p h o s p h o d i e s t e r a s e  (20 u n i t s / m l )  was added  and t h e  
sample i n c u b a t e d  f o r  2 h a t  37°G. Each sample was c e n t r i f u g e d  
(lOOOg, lOmin) t o  remove any p r o t e i n  p r e c i p i t a t e ;  t h e  s u p e r n a t a n t s  were 
d r i e d  w i th  an a i r  s t r e a m  and r e d i s s o l v e d  i n  0 .1ml w a t e r .
DEAE-paper was p rew ashed  w i th  l .OM-formic a c i d  and t h e n  w i t h  w a te r ,
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and d r i e d .  D i g e s t i o n  m ix t u r e s  s t r e a k e d  on t o  t i e  p a p e r  on 2cm
b a se  l i n e s  w i t h  marker  TLÏP, dCî l^P and d(pTp) (20 jug e a c h ) .  The paper
was deve lop ed  f o r  I h ,  d e s c e n d in g ,  w i th  0 ,05M-formic  a c i d ,  and was d r i e d
a t  room t e m p e r a t u r e .  The p a p e r  was th e n  deve lo p ed  i n  t h e  same d i r e c t i o n
w i t h  0 .2  M-ammonium f o rm a re .  The f i n a l  o rd e r  of  components  on t h e
p a p e r  was t h e n :  o r i g i n ,  u n d i g e s t e d  m a t e r i a l ,  d(pTp) and d (pGp) ,  TlvIP,
dCMP, and dC, Markers  were l o c a t e d  under  u . v .  l i g h t ,  and  t h e  whole
32p a p er  s t r i p  f o r  each  sample  c u t  i n t o  f r a c t i o n s  and m easured  f o r  P 
and '^^G by doub le  l a b e l  s c i n t i l l a t i o n  c o u n t i n g ,
2,4*6 Pyr im i d i n e  Runs from C a l f  Thymus DNA,
A s i m i l a r  p r o c e d u r e  was f o l lo w e d  w i th  a c t i v a t e d  c a l f  thymus DNA as
t e m p l a t e  f o r  DNA p o ly m e ra s e .  Only dGTP was u se d  a s  l a b e l . .
A f t e r  d i g e s t i o n  t o  p y r i m i d i n e  r u n s  a s  d e s c r i b e d  ab o v e ,  t h e  n u c l e o t i d e
m a t e r i a l  was i s o l a t e d  by a m o d i f i e d  method (Spence r  £ t  ^3 . , ,  1969 ) ,  The
i n c u b a t i o n  m ix t u r e  (30ml) was d i l u t e d  t o  250ml w i t h  w a te r  and  c o o le d  on
i c e .  The r e s u l t i n g  p r e c i p i t a t e  o f  d ipheny lam ine  was removed by vacuum
f i l t r a t i o n  t h r o u g h  a f i n e  g r a d e  s i n t e r e d  g l a s s  f u n n e l ,  which was t h e n
washed w i th  50ml w a t e r .  The f i l t r a t e  and t h e  w ash ings  were e v a p o r a t e d
t o  a bo u t  20ml i n  a r o t a r y  e v a p o r a t o r .  200ml o f  w a te r  was ad ded ,  and
t h e  s o l u t i o n  a g a i n  e v a p o r a t e d .  T h is  c y c l e  was r e p e a t e d  u n t i l  the  pH
w a s  a b o u t  3 * 5  a n d  t h e  r e m a i n i n g  d i p h e n y l a m i n e  p r e c i p i t a t e d  o u t .  The
p r e c i p i t a t e  was removed by f i l t r a t i o n .  L i th ium  a c e t a t e  was added t o
t h e  f i l t r a t e  t o  a f i n a l  c o n c e n t r a t i o n  o f  O.OIM and t h e  pH a d j u s t e d  t o
5 ,3  w i th  O.IM-NH OH. S e p a r a t i o n  by l e n g t h  and by b a se  c o m p o s i t io n  and
4
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d e t e r m i n a t i o n  o f  3 ' - e n d  gi/oups were pe rfo rm ed  a s  d e s c r i b e d  above
2 .5  RNA SEQUENCE STUDIES.
2 .5  RNA SEQUENCE STUDIES.
2 .5*1  P r e p a r a t i o n  o f  h l b e l l e d  RNA,
RNA was s y n t h e s i s e d  i n  v i t r o  u s i n g  c o n d i t i o n s  b a sed  on t h o s e  o f  
B urgess  ( 1969 )* T y p i c a l l y ,  MYM, HI o r  c a l f  thymus DNA was i n c u b a t e d  
w i th  E , c o l i  RNA po ly m erase  i n  0 .25ml o f  a s o l u t i o n  c o n t a i n i n g  10 jamol 
t r i s - G l ,  pH 7 . 9 , 40  jamol KOI, 2 .5  jumol % G1^,  O . l ju m o l  K^HPO^, 50 nmol 
2 - m e r c a p t o e t h a n o l ,  O.lrag c r y s t a l l i n e  BSA, 50 nmol each o f  t h r e e  
u n l a b e l l e d  n u c l e o s i d e  t r i p h o s p h a t e s ,  and 10-20 nmol o f  r a d i o a c t i v e  
n u c l e o s i d e  t r i p h o s p h a t e .  I n c u b a t i o n s  were a t  37^G, g e n e r a l l y  f o r  2h 
( t h e  r a t e  o f  i n c o r p o r a t i o n  o f  l a b e l  i n t o  RNA was l i n e a r  a t  l e a s t  up t o  
3 h ) .  5*10 o f  MVM o r  HI DNA,' o r  20-40 jig c a l f  thymus DNA, v/as u se d
a s  t e m p l a t e .  G e n e r a l l y  5“ 10 jug RNA po lym erase  v/as u s e d .  S p e c i f i c
a c t i v i t i e s  o f  t r i p h o s p h a t e s  were between 10 and 400  juGi/jumol.
L  t r i p h o s p h a t e s  had s p e c i f i c  a c t i v i t i e s  a b o u t  300 juCi/pmol.
Sometimes, i n c u b a t i o n s  were c a r r i e d  o u t  i n  a t o t a l  volume o f  0 .1 2 m l .
E s t i m a t e s  o f  t h e  e x t e n t  o f  i n c o r p o r a t i o n  o f  r a d i o a c t i v i t y  i n t o  
RNA were made by w i th d raw in g  an a l i q u o t  o f  0 .005ml from t h e  
i n c u b a t i o n  m ix t u r e ,  s p o t t i n g  t h i s  on t o  DEAE-paper, and d e v e lo p in g  w i t h  
0.3M-ammonium f o r m a t e .  T h i s  e l u t e s  u n r e a c t e d  n u c l e o s i d e  t r i p h o s p h a t e s  
away from t h e  o r i g i n ,  w h i l e  RNA rem a ins  i n  t h e  o r i g i n  a r e a .  R a d i o a c t i v i t y  
i n  t h e  o r i g i n  a r e a  was t h e n  measured  on a g a s - f l o w  c o u n t e r .
Except  a s  n o t e d ,  RNAs were i s o l a t e d  f r e e  o f  n u c l e o s i d e  
t r i p h o s p h a t e s  a s  f o l l o w s .  RNA p r e p a r a t i o n s  were k e p t  on i c e  d u r i n g
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t h e  i s o l a t i o n  p r o c e d u r e ,  0 , 02ml o f  y e a s t  RNA, 20mg/ml, v/as mixed v/ i th  
t h e  i n c u b a t i o n  m ix t u r e ,  0 ,5 ^ 1  o f  c o ld  5/^ ' (w/v) TCA was ad ded ,  and
t h e  m ix tu r e  v o r t e x e d .  A f t e r  s t a n d i n g  f o r  5-10 min 3.0ml o f  c o ld  w a te r  
v/as added ,  and t h e  p r e c i p i t a t e  c o l l e c t e d  by c e n t r i f u g i n g  a t  1000 g 
f o r  10 min.  The s u p e r n a t a n t  v/as poured  o f f , ,  t h e  tu b e  d r i e d ,  and th e  
p r e c i p i t a t e  d i s s o l v e d  i n  0 .2ml o f  c o ld  0 ,05  M-îlaOH. T h is  a c i d  
p r e c i p i t a t i o n  c y c l e  was r e p e a t e d  t w i c e ,  t h e n  t h e  p r e c i p i t a t e  was washed 
v / i th  4ml e t h a n o l / e t h e r  ( 3:1  v /v ) . ,  d r i e d  a t  20^0 w i th  an  a i r  s t r e a m ,  and 
d i s s o l v e d  i n  0 .1m l  o f  0 ,0 5  M - t r i s - b a s e ,  0 ,3ml o f  0 .0 0 1  M-EDTA was 
added ,  and t h e  pH a d j u s t e d  t o  7 * 5 -8 .0  w i t h  0 .1  M-HGl. Sometimes th e  
RITA was t h e n  h e a t e d  t o  95^8 f o r  5 min and c o o le d  i n  i c e .  Any 
p r e c i p i t a t e  formed a t  t h i s  s t a g e  wag n o n - r a d i o a c t i v e  and v/as d i s c a r d e d .
2 , 5 . 2  Bnzymatic  H y d r o l y s i s  o f  RNA,
P a n c r e a t i c  and T^RNase d i g e s t s  were g e n e r a l l y  made w i t h  an enzyme: 
s u b s t r a t e  r a t i o  o f  1 :20  (w/v/) w i t h  t h e  RNA p r e p a r e d  a s  d e s c r i b e d  above.  
D i g e s t i o n  was f o r  Ih  a t  37^8,  Combined T^ and d i g e s t s  were made by 
f i r s t  d i g e s t i n g  w i t h  T^ RNase, a s  above ,  t h e n  a d d in g  sodium a c e t a t e ,  
EDT.A and c r y s t a l l i n e  BSi\ t o  f i n a l  c o n c e n t r a t i o n s  o f  O.O5M, 0.002M and 
O.lmg/ml,  r e s p e c t i v e l y .  The sodium a c e t a t e  v/as added from a s t o c k  o f  
0*55M,pH 4*2; t h e  f i n a l  pH o f  t h e  s o l u t i o n  v/as a b o u t  4*5* 0 .5  u n i t
o f  Hg RNase was added p e r  mg RNA, and t h e  m ix tu re  i n c u b a t e d  a t  37^G f o r  
2-4 h .  D i g e s t s  o f  volume g r e a t e r  t h a n  0 ,1ml were f r e e z e - d r i e d  and 
d i s s o l v e d  i n  0 . 1ml w a te r  b e f o r e  a p p ly in g  t o  p a p e r .
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2.5*3 F r a c t i o n a t i o n  o f  P a n c r e a t i c  RNase D i g e s t s .
D i g e s t s  were a p p l i e d  t o  100 x  J e m  l e n g t h s  o f  DEAE-paper, which 
were d ev e lo ped  f o r  10-12 h ,  d e s c e n d in g ,  w i t h  0 , 2 0 - 0 , 2 2  M-ammoniura 
fo r m a t e ,  c o n t a i n i n g  7 M-urea;  t h i s  gave good s e p a r a t i o n  o f  
o l i g o n u c l e o t i d e s  i n t o  l e n g t h  c l a s s e s ,  up t o  h e x a n u c l e o t i d e s .  DEAE- 
p a p e r  v/as prewashed  w i t h  1 ,0  M-formic a c i d  and t h e n  w i th  w a t e r ,  and 
d r i e d .  P ap e r  p r e p a r e d  i n  t h i s  v/ay gave a much f a s t e r  f low  r a t e  t h a n  
normal  DEAE-paper. S e p a r a t i o n s  were checked w i th  known mono-, d i -  
and t r i n u c l e o t i d e s .  However, h i g h e r  o r d e r  peaks  were n o t  c h a r a c t e r i s e d :  
t h e i r  i d e n t i t y  was assumed by a n a lo g y  w i t h  o t h e r  work on DEAE-paper 
( e . g .  Ohsaka ^  £ l * ? 1964» de W achter  & P i e r s ,  I 969 ) ,  and w i th  t h e  
r e s u l t s  o f  Tomlinson & Tener  ( 1963) u s i n g  DSAE-oel lu lose  columns.
A f t e r  such  f r a c t i o n a t i o n ,  n u c l e o t i d e s  were i d e n t i f i e d  u n de r  u . v ,  
l i g h t ,  and r a d i o a c t i v i t y  l o c a t e d  w i th  an A c t ig r a p h  s c a n n e r .  The DEAE- 
p a p e r  was t h e n  washed w i t h  e t h a n o l  f o r  a t  l e a s t  5O h t o  remove u r e a .  
R a d i o a c t i v i t y  i n  d i f f e r e n t  f r a c t i o n s  was measured by im m ers ing  t h e  
a p p r o p r i a t e  s e c t i o n s  o f  p a p e r  i n  t o l u e n e  -  PPO and c o u n t in g  i n  a 
s c i n t i l l a t i o n  c o u n t e r .  Pap e r  s e c t i o n s  were t h e n  washed w i th  t o l u e n e ,  
e t h a n o l  and e t h e r ,  and d r i e d .  N u c l e o t id e  f r a c t i o n s  were e l u t e d  v/ith 
TEAG , pHlO (S a n g e r ,  Brownlee & B a r r e l l ,  I 965 )* TEAC v/as
removed by r e p e a t e d  c y c l e s  o f  f r e e z e - d r y i n g  and a d d i t i o n  o f  w a t e r .
A l k a l i n e  h y d r o l y s i s  was pe rfo rm ed  a s  d e s c r i b e d  below ( s e c t i o n  2.5*5)* 
D i n u c l e o t i d e s  were f r a c t i o n a t e d  by e l e c t r o p h o r e s i s  a t  pH I .9  a s  
d e s c r i b e d  i n  s e c t i o n  2.5*4* T^ d i g e s t s  were made o f  p a r t  o f  each 
f r a c t i o n  l o n g e r  t h a n  d i n u c l e o t i d e .  These were f r a c t i o n a t e d  by d escen d ing
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chrom atography  on DEAE-paper (p rew ash ed ) ,  d e v e lo p in g  v / i th  0.05M- 
fo rm ic  a c i d  f o r  2 h .  T h is  s e p a r a t e s  CMP from e t h e r  components 
( Ja c o b s o n ,  I 964 ) ,
2 . 5*4 F r a c t i o n a t i o n  o f  T^ and RNase D i g e s t s .
T^ and d i g e s t s  were f r a c t i o n a t e d  by e l e c t r o p h o r e s i s  on DEAE« 
p a p e r  a t  pH 1 ,9  (Sanger  job a l . ,  1965) .  By t h i s  means t h e  d i n u c l e o t i d e  
CpGp can be i s o l a t e d  d i r e c t l y .  D i g e s t s  were a p p l i e d  a s  1cm s t r e a k s .  
E l e c t r o p h o r e s i s  o f  T^ d i g e s t s  was c a r r i e d  o u t  f o r  15=16 kT-h  on a 
w a t e r - c o o l e d  f l a t - p l a t e  a p p a r a t u s .  Combined and d i g e s t s  were 
e l e o t r o p h o r e s e d  f o r  16-18 kV-h.  The b u f f e r  c o n s i s t e d  o f  8.7/^ ( v / v )  
a c e t i c  a c i d ,  2 . 5 ^  ( v / v )  f o rm ic  a c i d .  The p o t e n t i a l  d rop  a c r o s s  t h e  
p a p e r  was k e p t  below 2kV. The p a p e r  was th e n  d r i e d ,  and t h e  c a r r i e r  
n u c l e o t i d e s  marked u n d e r  u . v .  l i g h t .
Sometimes t h e  whole p a p e r  s t r i p  from each  d i g e s t  was scanned  w i t h  t h e  
A c t i g r a p h .  I n  e v e ry  c a s e ,  r a d i o a c t i v i t y  was measured by c o u n t i n g  
s e c t i o n s  o f  t h e  p a p e r  i n  a  low -background  g a s - f lo w  c o u n t e r .  G e n e r a l l y ,  
t h e  f i r s t  20om o f  p a p e r  was d i v i d e d  i n t o  t e n  2cm s e c t i o n s  and t h e  r e s t  
o f  t h e  p a p e r ,  which  c o n t a i n e d  th e  n u c l e o t i d e  s p e c i e s  o f  p a r t i c u l a r  
i n t e r e s t ,  was d i v i d e d  i n t o  0.5cm s e c t i o n s .  O l i g o n u c l e o t i d e s  were 
removed from f r a c t i o n s  o f  i n t e r e s t  by e l u t i o n  w i th  30fo  ( v / v )  TEAG, 
pH 9*5? i n t o  g l a s s  c a p i l l a r i e s  (Sanger  fjb ^ 1 . ,  I 965 )" TEAC was removed 
as  d e s c r i b e d  ab o ve .
2.5*5 A l k a l i n e  H y d r o l y s i s  o f  O l i g o n u c l e o t i d e s  and RNA.
The p r o c e d u r e  was b a s e d  on t h a t  o f  Sanger  ob a l . (1965)*
6 ?
O l i g o n u c l e o t i d e  sam ples  were f r e e z e - d r i e d  and t h e n  t a k e n  up i n  0 .02ml
o f  0 . 3  M-NaOH, c o n t a i n i n g  c a r r i e r  RNA, 4mg/ml, i f  n e c essa ry  f o r
su b seq u e n t  l o c a t i o n  o f  e l e c t r o p h o r e s i s  p r o d u c t s .  Each sample v/as
s e a l e d  i n t o  a  g l a s s  c a p i l l a r y  and i n c u b a t e d  a t  37^0 f o r  16-18 h .
D i g e s t s  were a p p l i e d  a s  1.5cm s t r e a k s  t o  Whatman 3Mvî p a p e r  ( w i th o u t
p r i o r  n e u t r a l i s a t i o n )  and t h e  m o n on u c leo t id e s  s e p a r a t e d  by e l e c t r o p h o r e s i s
a t  pH 3 * 5  f o r  7 kV»h (Markham & Smith ,  1 9 5 2 ) .  T h e  b u f f e r  u se d  was
0 . 1  M -a m m o n ium  f o r m a t e  a d j u s t e d  t o  pH 3 * 5  w i t h  100;^ f o r m i c  a c i d *
N u c l e o t i d e s  were i d e n t i f i e d  u n d e r  u . v .  l i g h t  and c o r r e s p o n d i n g  a r e a s
32o f  p a p e r  m easured  f o r  P i n  a s c i n t i l l a t i o n  c o u n t e r .  GMP v/as obse rv ed  
t o  f r a c t i o n a t e  i n t o  two a d j a c e n t  a r e a s  w i t h  t h i s  method;  * p resum ab ly  
t h e s e  were 2- and 3= GMP. Samples o f  t h e  o r i g i n a l  RNA p r e p a r a t i o n s  
f o r  n e a r e s t - n e i g h b o u r  a n a l y s i s  were t r e a t e d  i n  t h i s  way.
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3 .1  PARVOVIRUSES
3 . 1 . 1  I n t r o d u c t i o n
P a r v o v i r u s e s  a r e  s m a l l ,  DNA a n im a l  v i r u s e s .  They have been 
i s o l a t e d  from tumours  and i r r a d i a t e d  t i s s u e s ,  and a s  c o n ta m in a n ts  
o f  a d e n o v i r u s  s t o c k s .  T h e i r  p a th o lo g y  i s  n o t  c l e a r l y  d e f i n e d :  t h e y
cause  a c u t e  d i s e a s e  when i n o c u l a t e d  i n t o  newborn h a m s te r s  (Kilham, 1961) ,  
b u t  may g e n e r a l l y  e x i s t  i n  a l a t e n t  s t a t e  o f  low p a t h o g e n i c i t y .
Some p h y s i c a l  p r o p e r t i e s  o f  t h e  UNA o f  t h e  m inute  v i r u s  o f  mice 
(MVKî) have been  s t u d i e d  (C raw ford ,  I 966 ) ;  t h e s e  were c o n s i s t e n t  w i th  th e  
DNA b e in g  s i n g l e  s t r a n d e d .  Kilham r a t  v i r u s  (RV) (Kilham & O l i v i e r ,
1959 ) i n  many ways s i m i l a r  t o  î/H/T.î. May, N i v e l e a u ,  B e rg e r  & B r a i l o v s k y  
( 1967 ) r e p o r t e d  t h a t  RV DNA had a d o u b l e - s t r a n d e d  s t r u c t u r e .  However, 
more r e c e n t l y  RV DNA was examined by Robinson & H e t r i c k  ( 1969) and  t h e i r  
r e s u l t s  i n d i c a t e d  t h a t  t h e  DNA was s i n g l e  s t r a n d e d .  H-1 v i r u s  (T oo lan ,
1960 ) i s  s i m i l a r  t o  MVM and RV. Cheong, Fogh & B a r c l a y  ( 1965 ) r e p o r t e d  
b r i e f l y  t h a t  H-1 DNA was u n u s u a l  i n  t h a t  i t  was n o t  d e n a t u r e d  by h e a t i n g  
a t  lOO^C f o r  7 min. R e c e n t l y ,  Usategu i -G om ez , T o o la n ,  Ledinko ,  A1 - Lami 
& Hopkins ( 1969 ) r e p o r t e d  t h a t  H-1 DNA was s i n g l e  s t r a n d e d .
The DNAs o f  ÎÆVf/ï, RV and H-1 were t h u s  o f  i n t e r e s t  i n  s e v e r a l  ways. 
They came from a p o o r l y  c h a r a c t e r i s e d  group  o f  v e ry  sm a l l  a n im a l  v i r u s e s ,  
and were p e rh a p s  s i n g l e  s t r a n d e d .  N e a r e s t - n e i g h b o u r  a n a l y s e s  were 
t h e r e f o r e  made o f  MVT.l, RV and H-1 DNAs i n  an a t t e m p t  t o  d e f i n e  t h e i r  
b a se  c o m p o s i t i o n s ,  s t r u c t u r e s  and  r e l a t i o n s  w i th  o t h e r  DNAs. N e a r e s t -  
n e ig h b o u r  a n a l y s e s  were a l s o  c a r r i e d  out  on MVM and H-1 DNAs u s i n g  E . c o l i
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RNA. p o ly m e ra s e .  The r e s u l t s  o f  t h e s e  a n a l y s e s  a r e  shown i n  T ab le  5 
a l o n g s i d e  t h e  DNA po lym erase  r e s u l t s ,  b u t  i n t e r p r e t a t i o n  o f  t h e  RNA 
po ly m erase  r e s u l t s  i s  d e f e r r e d  t i l l  a f t e r  d i s c u s s i o n  o f  t h e  DNA po lym erase  
r e s u l t s .
3 . 1 , 2  DNA P o lym erase  N e a r e s t - N e ig h b o u r  A n a ly ses
As m en t io ned  i n  S e c t i o n  1 . 2 . 6  i t  i s  p o s s i b l e  t h a t  t h e  e x t e n t  o f  
r e p l i c a t i o n  a c h i e v e d  v i t r o w i t h  such  sm a l l  DNA t e m p l a t e s  may a f f e c t  
t h e  n e a r e s t - n e i g h b o u r  f r e q u e n c i e s  o b t a i n e d .  I n  t h i s  work DNA was 
p ro d uced  j u  v i t r o  e q u a l  t o  20 t o  3 0 /  o f  t h e  i n p u t  t e m p l a t e  DNA. Thus,  
i f  t h e  DNAs a r e  s i n g l e  s t r a n d e d ,  o n ly  t h e  complementary s t r a n d  sh o u ld  be 
p ro d u ce d .  I t  i s  assumed t h a t  t h i s  amount o f  DNA c o n s t i t u t e s  a 
r e p r e s e n t a t i v e  sample  o f  t o t a l  v i r u s  DNA, Subsequent  comments depend 
on t h i s  a s s u m p t io n ,  so a b r i e f  s t u d y  was made o f  t h e  i n f l u e n c e  o f  t h e  
e x t e n t  o f  r e p l i c a t i o n  u s i n g  MVM DNA and / a  ^^Pj7=dGTP i n  t h r e e  s e p a r a t e  
i n c u b a t i o n s  f o r  d i f f e r e n t  t i m e s .  The e x t e n t  of  r e p l i c a t i o n  was 
e s t i m a t e d  from t h e  amount o f  a c i d = p r e c i p i t a b l e  r a d i o a c t i v i t y  i n  a l i q u o t s - 
o f  t h e  i n c u b a t i o n  m i x t u r e s  (T ab le  3 ) ,  I n  t h i s  c a se  t h e  d i n u c l e o t i d e  
f r e q u e n c i e s  a r e  e s s e n t i a l l y  i n d e p e n d e n t  o f  t h e  e x t e n t  o f  r e p l i c a t i o n ,  
and i t  seems r e a s o n a b l e  t o  e x p e c t  a s i m i l a r  s i t u a t i o n  w i t h  t h e  o t h e r  
l a b e l l e d  t r i p h o s p h a t e s ,  and w i t h  t h e  o t h e r  v i r u s  DNAs. ( i t  i s  o f  
i n t e r e s t  t h a t  a t t e m p t s  t o  o b t a i n  more t h a n  1 0 0 /  r e p l i c a t i o n  o f  t e m p l a t e ,  
u s i n g  MVM and H«1 DNAs, were n o t  s u c c e s s f u l .  However, t h i s  m a t t e r  was 
n o t  p u r s u e d ) .
W ith  d o u b l e - s t r a n d e d  DNAs, t h e  a c c u ra c y  o f  a n e a r e s t - n e i g h b o u r  
a n a l y s i s  can be ju d g ed  by t h e  ag reem en t  between complementary
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d l n u o l e o t i d e s ' f r e q u e n c i e s ,  ar.d by t h e  agreem ent  be tween t h e  (G-i-G) v a lu e  
found  by n e a r e s t - n e i g h b o u r  a n a l y s i s  and t h a t  g iv e n  by b u o y a n t - d e n s i t y  
c e n t r i f u g a t i o n  o r  by c h em ica l  m ethods.  N e i t h e r  o f  t h e s e  c r i t e r i a  were 
a p p l i c a b l e  t o  work w i t h  t h e  p a r v o v i r u s  DNAs. S ince  i t  was s u s p e c t e d  
t h a t  t h e  DNAs were s i n g l e  s t r a n d e d ,  i t  v/as n o t  n e c e s s a r y  t h a t  
complementary  d o u b le t s*  f r e q u e n c i e s  shou ld  be e q u a l .  A l s o ,  t h e  base  
c o m p o s i t io n s  were unknown. The o n ly  c r i t e r i a  a v a i l a b l e  were t h a t  
d u p l i c a t e  a n a l y s e s  a g r e e d  c l o s e l y ,  and t h a t  r e s u l t s  were s t a b l e  t o  
a d d i t i o n a l  n u c l e a s e  t r e a t m e n t  o f  t h e  DNA d i g e s t s .
I n  T ab le  4 a r e  shown t h e  A/T and G/C r a t i o s  found  by n e a r e s t -  
n e ig h b o u r  a n a l y s i s  f o r  t h e  DNAs o f  MM, RV and H-1 , and a l s o  t h e  mean 
v a l u e s  f o r  f i f t e e n  d o u b l e - s t r a n d e d  DNAs ( v i r a l  and c e l l u l a r )  o b t a i n e d  
c o n c u r r e n t l y .  As found  by Swartz  e t  aX (1 962) ? a l l  t h e  d o u b l e - s t r a n d e d
MM*
DNAs y i e l d e d  A/T r a t i o s  l e s s  t h a n  1 .0 0 .  The a /T  r a t i o s  f o r  MVM, RV and 
H-1 DNAs, and  t h e  G/c r a t i o s  f o r  MVIvI and RV DNAs, a r e  o u t s i d e  t h e  range  
o f  v a l u e s  o b t a i n e d  f o r  known d o u b l e - s t r a n d e d  DNAs and t h u s  a r e  n o t  
c o m p a t ib le  w i t h  t h e s e  v i r u s  DNAs b e in g  double  s t r a n d e d .  The n e a r e s t -  
n e ig h b o u r  f r e q u e n c i e s  o f  t h e  t h r e e  DNAs a l s o  a r e  c o n s i s t e n t  o n ly  v / i th  a 
s i n g l e - s t r a n d e d  s t r u c t u r e  (T ab le  5 and F i g . 7 ) s i n c e  s e v e r a l  o f  th e  
complementary  p a i r s ,  p a r t i c u l a r l y  GpAsTpG and GpT:ApG show l a r g e  
d i f f e r e n c e s .
The c o n c l u s i o n  t h a t  MVM DNA i s  s i n g l e - s t r a n d e d  c o n f i rm s  t h e  r e s u l t s  
o f  Crawford ( 1966 ) and Crawford ,  F o l l e t t ,  Burden & McGeoch ( 1969 ) w i th  
o t h e r  t e c h n i q u e s .  RV DNA h a s  been  s t u d i e d  by May _al, ( 1967 ) and by 
Robinson & H e t r i c k  ( 1969 )?  w i t h  c o n t r a d i c t o r y  r e s u l t s .  The p r e s e n t
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r e s u l t s  p r o v id e  s t r o n g  s u p p o r t  f o r  t h o s e  of  Robinson & H e t r i c k  ( 1969 ) 
and  r a i s e  t h e  q u e s t i o n  o f  t h e  i d e n t i t y  o f  t h e  d o u b l e - s t r a n d e d  DNA 
s t u d i e d  by M&y _et al. .  ( 1967)* The c o n c lu s io n  t h a t  H-1 IKA i s  s i n g l e  
s t r a n d e d  i s  s u p p o r t e d  by t h e  v/ork o f  Hsategul-Gomez e t  & l / ( l 9 6 9 ) »
The n e a r e s t - n e i g h b o u r  a n a l y s e s  a l s o  p r o v id e  i n f o r m a t i o n  on t h e  
s i m i l a r i t y  o f  t h e s e  DNAs. The o v e r a l l  p a t t e r n s  o f  t h e  DNAs a r e  v e ry  
s i m i l a r ,  and d i f f e r e n c e s  be tween complementary p a i r s  a r e  i n  t h e  same 
s e n se :  Dpi Z> TpG and GpT <C ApG. E s t im a te d  by t h e  d i f f e r e n c e s
between d u p l i c a t e  a n a l y s e s ,  t h e  p r e c i s i o n  of  t h e  v a lu e s  f o r  i n d i v i d u a l  
f r e q u e n c i e s  i s  I 5/ '  On t h i s  b a s i s  each  o f  t h e  a n a l y s e s  c o n t a i n s  
s e v e r a l  v a l u e s  which d i f f e r  s i g n i f i c a n t l y  from t h e  c o r r e s p o n d i n g  v a lu e s  
i n  t h e  o t h e r  a n a l y s e s .  RV and H-1 DNAs show on ly  sm a l l  d i f f e r e n c e s  b u t  
MM DNA i s  d i s t i n c t .
I f  t h e  f r e q u e n c i e s  o f  each  complementary  p a i r  o f  d i n u c l e o t i d e s  a r e  
a v e r a g e d ,  t h e n  i t  can be seen  t h a t  t h e s e  DNAs p o s s e s s  t h e  t y p i c a l  
v e r t e b r a t e  n e a r e s t - n e i g h b o u r  p a t t e r n  ( F i g ,  8 ) ;  i n  p a r t i c u l a r ,  t h e y  a l l  
show a low f r e q u e n c y  o f  t h e  d i n u c l e o t i d e  CpG. A p a r t  f rom EMC RNA, which 
does show some r e s e m b la n c e s  t o  t h e  v e r t e b r a t e  p a t t e r n ,  t h e  p a r v o v i r u s  
DNAs a r e  t h u s  t h e  f i r s t  s i n g l e - s t r a n d e d  n u c l e i c  a c i d s  known w i t h  t h i s  
sequence  s t r u c t u r e .  T h is  t o p i c  i s  d i s c u s s e d  f u r t h e r  i n  S e c t i o n  4*1* 
A c co rd in g  t o  t h e  a rgum en ts  o f  Subak-Sharpe  e;b £ l ,  ( 1966 ) t h i s  s i m i l a r i t y  
i n  p a t t e r n  t o  v e r t e b r a t e  DNA s u g g e s t s  t h a t  t h e  DNAs o f  t h e s e  p a r v o v i r u s e s  
may have been  d e r i v e d  from DNA c l o s e l y  r e l a t e d  to  t h a t  o f  t h e  h o s t  
o rg an ism .
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TABLE 5.  INFLUENCE OF EXTENT OP REPLICATION 
OF KM-BNA ON ÎTEAREST-NEIGIiBCUR FiffiOUENCIES
E x te n t  o f  
R e p l i c a t i o n
20- 50/ 50- 60/ 90- 100/
5»-dAMP 5 2 .4 52 .0 55 .5
5 '-TMP 5 6 .4 56.5 57.6
5 '-dGPP 24 .0 24 .6 25 .4
5'-dCMP 7.1 7.1 5 .7
* P e r c e n t a g e  o f  t o t a l  ( f rom  /S^^P/'-dGTP) a s s o c i a t e d  
w i t h  each  3 ' “m o n o n u c le o t id e ,
- - o o O o O '
TABLE 4 .  A/T AND G/C RATIOS OF PARVOVIRUS ( - )  STRAND DNAs
DNA DNA Polym erase  
A/T G/C
RNA Polym erase  
A/T G/C
MVM 1 .25 1 .10 1.56 1 .14
H-1 . 1.15 1 .00 1 .48 1.15
RV 1 .1 0 1 .1 0 — —
Double­ 0 .9 5 * 0 .0 3 1 , 00*0 .0 4 0 .99 1 .10
s t r a n d e d
DNAs (0 .91% 0.99) ( 0 . 93- 1 . 0 7 )
The v a l u e s  f o r  DNA po lym erase  a n a l y s e s  o f  15 v i r a l  and c e l l u l a r  
d o u b l e - s t r a n d e d  DNAs a r e  shown a s  mean s t a n d a r d  d e v i a t i o n  
w i th  range  i n  b r a c k e t s .  Only one RNA po lym erase  a n a l y s i s  o f  a  
d o u b l e - s t r a n d e d  DNA. ( c a l f  thymus DNA) i s  a v a i l a b l e .
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TABLE 5,  LEAiBîîST-BEIGHBOÜR FREQUENCIES OF PARVOVIRUS BNAs
A n a ly ses  
w i t h  UNA 
Polym erase
KVII H-1 RV
ApA TpT 123 91 9 5 76 9 4 84
GpA TpG 7 5 78 80 80 72 7 9
GpA TpG 67 5 4 6 5 4 4 69 4 4
GpT ApG 6 7 6 9 82 6 9 7 5 72
GpT ApC 4 7 7 5 4 7 82 5 5 7 4
GpG CpG 51 5 8 60 46 5 9 5 9
TpA 62 5 5 61
ApT 5 9 4 9 5 7
CpG 15 18 20
GpG 48 5 4 4 9
A n a ly ses  
w i th  ENA 
Polym erase
MVl^ H-1
ApA UpU 119 7 4 104 6 2
GpA UpG 8 6 5 9 8 4 6 5
GpA UpG 81 5 4 8 5 5 9
GpU ApG 5 7 1 0 0 65 9 6
GpU ApG 4 5 76 4 6 7 8
GpG GpG 4 9 5 7 56 5 9
UpA 62 5 7
ApU 5 5 52
CpG 17 25
GpG 51 5 5
5F r e q u e n c i e s  a r e  e x p r e s s e d  a s  p a r t s  p e r  10 .
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3 . 1 , 3  HNâ Po lym erase  N e a r e s t - N e ig h b o u r  A na lyses
I n  t h e  c o u rs e  o f  s t u d i e s  on t h e  CpG s h o r t a g e  i n  v e r t e b r a t e  p a t t e r n  
DNAa ( S e c t i o n  4 . 3 ) ?  n e a r e s t - n e i g h b o u r  a n a l y s e s  were made o f  MW, H-1 
and c a l f  thymus PKAs using* E . jqp l i  ENA p o ly m e ra s e ,  The r e s u l t s  f o r  MVM 
and H-1 a r e  shown i n  T ab le  5 and  P i g ,  9 ,  These show some d i f f e r e n c e s  
f rom t h e  DNA po ly m erase  a n a l y s e s .  I n  t h i s  c a se  i t  seems b e t t e r  t o  
a n a l y s e  t h e  d i f f e r e n c e s  be tween t h e  two methods f o r  t h e  same DNA by 
comparing t h e  f r a c t i o n a l  i n c o r p o r a t i o n  d a ta  (T ab le  6) and n o t  t h e  f i n a l  
c a l c u l a t e d  f r e q u e n c i e s .  T h is  i s  b eca u se  t h e  a b s o l u t e  f r e q u e n c i e s  a r e  
o b t a i n e d  by  f i r s t  c a l c u l a t i n g  b a se  c o m p o s i t io n s  from t h e  f r a c t i o n a l  
i n c o r p o r a t i o n  d a t a ,  and th e n  m u l t i p l y i n g  t h e  f r a c t i o n a l  i n c o r p o r a t i o n s  
by t h e  a p p r o p r i a t e  b a se  f r e q u e n c i e s .  Thus,  any l o c a l i s e d  d o u b l e t  
f r e q u e n c y  change w i l l  a l t e r  th e  b a se  c o m p os i t ion  and t h e r e f o r e  c o u ld  
a f f e c t  a l l  t h e  c a l c u l a t e d  d o u b l e t  f r e q u e n c i e s  t o  some e x t e n t .  T h is  
method o f  comparing  r e s u l t s  i s  s u i t a b l e  o n ly  f o r  t h e  s p e c i a l  c a s e  o f  
r e s u l t s  o b t a i n e d  by d i f f e r e n t  methods f o r  t h e  same DNA. I n  t h e  
f o l l o w i n g  d i s c u s s i o n ,  a s  a m a t t e r  o f  co n v en ien c e ,  t h e  DNA po lym erase  
a n a l y s e s  a r e  t a k e n  as  s t a n d a r d s ,  t o  which t h e  changes  i n  t h e  RNA 
po lym erase  a n a l y s e s  a r e  r e f e r r e d .  The a b b r e v i a t i o n  "T" f o r  th y m id ine  
i s  u s e d  t o  r e p r e s e n t  b o t h  T and U i n  t h i s  s e c t i o n .
I n  T ab le  6 i t  i s  shovm t h a t  t h e  f r e q u e n c i e s  o f  d i n u o l e o t i d e s  w i t h  
A, T and C a t  t h e  3 ' - e n d  a r e ,  w i th  b o th  v i r a l  DNAs, n o t  changed v e r y  
much, and t h a t  changes  i n  f r e q u e n c i e s  a r e  g e n e r a l l y  i n  t h e  same 
d i r e c t i o n s  i n  b o t h  c a s e s .  However, t h e  d o u b le t  s e t  w i th  G a t  t h e  3'™ 
end shows r a d i c a l  change:  ApG f r e q u e n c y  shows a l a r g e  i n c r e a s e ,  and
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TpG a l a r g e  d e c r e a s e  i n  t h e  ENA po lym erase  r e s u l t s .  These changes 
a r e  n o t  found w i th  t h e  c a l f  thymus DNA a n a l y s i s ,  where a l l  t h e  
f r e q u e n c i e s  rem ain  c o n s t a n t  w i t h  t h e  two methods.
T h is  l a r g e  change i s  n o t  due t o  a n a l y t i c a l  e r r o r s .  A l l  r e s u l t s  
were d u p l i c a t e d  a t  d i f f e r e n t  t i m e s ,  and th e  r e l e v a n t  î."VM DNA-polymerase 
f r e q u e n c i e s  were c o n s t a n t  f o r  d i f f e r e n t  amounts o f  r e p l i c a t i o n  ( T a b l e d ) .  
The same H-1 DNA p r e p a r a t i o n  was u s e d  f o r  a l l  a n a l y s e s ,  b u t  d i f f e r e n t  
MVM DNA p r e p a r a t i o n s  were u s e d  f o r  t h e  DNA and E1D\ po lym erase  sy s te m s .
I t  i s  c o n c e iv a b le  t h a t  t h e  two po lym erase  sys tem s might  
p r e f e r e n t i a l l y  copy d i f f e r e n t  s equ en ces  o f  th e  v i r u s  DNAs. The
a v e ra g e  c h a in  l e n g t h s  s y n t h e s i s e d ,  e s p e c i a l l y  w i t h  t h e  ENA p o ly m e rase ,  
may be o f  im p o r tan c e s  i n  t h i s  work l a r g e  amounts o f  ENA po lym erase  
were u sed  ( s e v e r a l  po ly m erase  m o le c u le s  p e r  v i r u s  DNA m o le c u l e ) .  I f  
t h e  ENA c h a in s  s y n t h e s i s e d  a r e  s h o r t ,  i t  i s  p o s s i b l e  t h a t  t r a n s c r i b e d  
i n i t i a t i o n  se q u en c es  c o u ld  c o n s t i t u t e  a m easu rab le  p r o p o r t i o n  o f  th e  
c h a i n s .
I t  h a s  been  found  t h a t  DNA po lym erase  n e a r e s t - n e i g h b o u r  
a n a l y s i s  o f t e n  o v e r - e s t i m a t e s  T c o n t e n t .  T h is  does  n o t  a p p e a r  t o  a p p ly  
t o  ENA p o ly m e ra s e .  T h e r e f o r e ,  t h i s  phenomenon i s  p r o b a b ly  r e s p o n s i b l e  
f o r  t h e  sm a l l  d e c r e a s e ,  i n  t h e  ENA polymerase  a n a l y s e s ,  i n  t h e  
f r e q u e n c i e s  o f  TpN d o u b l e t s ,  where N r e p r e s e n t s  G, A and T , Hov/ever, 
i t  does n o t  a c c o u n t  w h o l ly  f o r  t h e  l a r g e  d i f f e r e n c e s  found  w i t h  t h e  
NpG s e q u e n c e s ,  and o b se rv e d  o n ly  w i t h  t h e  s i n g l e - s t r a n d e d  v i r u s  DNAs.
The RNA po ly m erase  NpG r e s u l t s  do n o t  a t  a l l  im ply  t h a t  TpG 
sequ en ces  a r e  r e p l a c e d  d i r e c t l y  by ApG se q u e n c e s .  The r e s u l t s  mean t h a t  
t h e  r e l a t i v e  amounbs o f  ApG and TpG co p ie d  a r e  changed .  I t  i s  o b v iou s
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t h a t  a number o f  e x p l a n a t i o n  a r e  p o s s i b l e ,  t a k i n g  e i t h e r  t h e  DNA or  
RNA po lym erase  a n a l y s e s  a s  s t a n d a r d ,  and c o n s i d e r i n g  th e  changes  i n  
t e rm s  o f  TpG o r  ApG, For  s e v e r a l  r e a s o n s ,  p r e f e r e n c e  i s  g iv e n  h e re  
t o  t h e  h y p o t h e s i s  t h a t ,  w i t h  t h e  RNA po ly m e rase ,  ApG sequ en ces  a r e  
e l e v a t e d  from t h e  "normal'* DNA po lym erase  l e v e l .  F i r s t ,  t h e  v i r u s  DNA 
NpG l e v e l s  foun d  w i t h  DNA po lym erase  resem ble  t h e  i n v a r i a n t  c a l f  thymus 
DNA l e v e l s  more t h a n  t h e  MA po lym erase  v a lu e s  do. Second, i t  seems 
l i k e l y  t h a t  DNA po ly m erase  would a c t  a s  a l e s s  d i s c r i m i n a t i n g  c o p ie r  
t h a n  RNA p o ly m e ra s e .  T h i r d ,  a s  m ent ioned  above ,  DNA po lym erase  g i v e s  
r e s u l t s  f o r  MVM DNA which a r e  c o n s t a n t  w i th  v a ry in g  e x t e n t s  o f  
r e p l i c a t i o n .  (However, a n a lo g o u s  e x p e r im en ts  w i t h  RNA po lym erase  have 
n o t  been  p e r f o r m e d ) .  I t  i s  known t h a t  RNA po lym erase  f i n d s  more 
i n i t i a t i o n  s i t e s  on s i n g l e - s t r a n d e d  DNA th a n  on d o u b l e - s t r a n d e d  DNA, and 
t h a t  w i t h  s i n g l e - s t r a n d e d  DNA a s  t e m p l a t e  many s h o r t  c h a in s  a r e  
s y n t h e s i s e d  ( M a i t r a ,  Cohen & H u rw i tz ,  I 9 6 6 ; Geiduschek & H a s e lk o r n ,
1969 ) .  I t  i s  t h e r e f o r e  p o s s i b l e  t h a t  t h e  p r o p o r t i o n s  o f  t r a n s c r i b e d  
i n i t i a t i o n  seq uen c es  a r e  e x a g g e r a t e d .  The n o t a b l e  d e p r e s s i o n  o f  TpG 
l e v e l s  i s  t h e n  due t o ,  f i r s t ,  rem oval  o f  t h e  DNA po lym erase  h ig h -T  e r r o r  
an d ,  seco n d ,  a p r o p o r t i o n a l  l o w e r i n g ,  t o g e t h e r  w i t h  GpG and GpG, a s  ApG 
i s  r a i s e d .  S in ce  more TpG t h a n  GpG o r  CpG i s  fo u n d ,  t h e  r e d u c t i o n  i s  
l a r g e s t  w i th  TpG, T h is  scheme can a cc o u n t  s e m i - q u a n t i t a t i v e l y  f o r  t h e  
ch anges .
To summarise ,  t h e  two n e a r e s t - n e i g h b o u r  methods g iv e  i d e n t i c a l  
r e s u l t s  f o r  n a t i v e  c a l f  thymus DNA, b u t  g iv e  s i m i l a r  bu t  n o t  i d e n t i c a l  
r e s u l t s  f o r  th e  s i n g l e - s t r a n d e d  p a r v o v i r u s  DNAs. ( i t  would be o f  
i n t e r e s t  t o  c a r r y  o u t  an MA po lym erase  a n a l y s i s  on d e n a t u r e d  c a l f  thymus
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TABLE 6. COi'BARISrN QP NEARELT-NEIOHBOUR ANALYSES 
WITH DNA l'OLYT-ffiRASE AND WITH RNA PCLYÎ'jERASE
MVM H-1 GALE THYMNS
DNA' RNA DNA RNA DNA MA
ApA 37.6 34 .2 31 .7 31.5 31,1 31.1
TpA 19 .0 1 6 .0 18 .8 17.2 18,5 21 .9
GpA 20.5 23,2 2 2 .3 25.9 22,4 22 .9
GpA 2 2 .9 24 .8 27 .3 25.4 27 .9 24.1
ApT 2 2 .4 2 3 ,3 19.2 23,3 25 .8 26 .9
TpT 34 .3 32.1 2 9 .9 28 .0 30 .7 32.1
GpT 17 .8 19.7 18.6 20.6 19.8  ' 18 .4
CpT 2 5 .4 25 .0 32 .3 28.1 23 .7 22 ,7
ApG 3 2 .4 30.6 40.3 35.7 34.6
TpG 36 ,4 2 6 .4 35_,1. 27.0 35.5 35.7
GpG 24 .0 21 .6 26:3 23.3 23 .4 24.5
CpG 7.1 7 ,7 8 . 0 9.5 7 .5 5 ,3
ApG 3 8 .4 38.2 36.2 37.3 25 ,0 25 .2
TpG 17.6 17.2 19.5 18.5 30.9 32.1
GpG 24.6 25.7 24 .0 25 .3 20 ,3 20.1
GpG 1 9 .4 18 .8 20.3 18.8 24 .9 22 .7
The frequency of each dinucleotide XpY is shown as a 
percentage of the total frequencies of all four dinucleotides 
having Y their ^'-nucleoside. The underlined values are those 
showing a major difference between the two methods of analysis.
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F r e q u e n c i e s  a r c  a s  p a r t s  pe r  10^ d e v i a t i o n  from random.
82
DNA), These d i f f e r e n c e s  do n o t  v i t i a t e  t h e  c o n c l u s i o n s  drawn e a r l i e r  
from t h e  DNA p o ly m e rase  r e s u l t s .  As shown i n  T ab le  4? t h e  RNA 
po lym erase  r e s u l t s  a l s o  i n d i c a t e  a s i n g l e - s t r a n d e d  s t r u c t u r e  f o r  t h e  
v i r u s  DNAs, and most o f  t h e  f e a t u r e s  o f  t h e  a n a l y s e s  do n o t  show l a r g e  
c h anges .
3 . 1.4  Base C om pos i t ions  o f  V i r u s  DNAs
The b a se  c o m p o s i t io n s  o f  t h e  v i r u s  DNAs o b t a i n e d  by t h e  two n e a r e s t -  
n e ig h b o u r  methods a r e  shown i n  T ab le  7* S ince  n e a r e s t - n e i g h b o u r  a n a l y s e s  
r e f e r  t o  t h e  complementary  s t r a n d ,  t h e  e x p e r im e n ta l  v a l u e s  f o r  A and T, 
and  f o r  G and G, have been i n t e r c h a n g e d .  The c o m p o s i t io n s  shown a r e  
t h e r e f o r e  t h o s e  o f  t h e  v i r u s  s t r a n d s .  Data o b t a i n e d  by Crawford e t  aj. ,  
( 1969 ) f o r  MVM DNA and by Usategui-Gomez e t  a]..  ( 1969 ) f o r  H-1 DNA a r e  
a l s o  shown. These  d a t a  were o b t a i n e d  by enzym at ic  h y d r o l y s i s  o f  
DNA t o  5 '  o r  3 ’" H u c l e o t i d e s ,
DNA p o ly m erase  n e a r e s t - n e i g h b o u r  a n a l y s i s  o f  d o u b l e - s t r a n d e d  DNAs 
o f t e n  o v e r e s t i m a t e s  t h e  thym ine  c o n te n t  o f  t h e  DNA. I f  t h i s  e r r o r  
a p p l i e s  t o  s i n g l e - s t r a n d e d  DNAs, t h e n  t h e  r e s u l t s  o b t a i n e d  by DNA 
p o lym erase  n e a r e s t - n e i g h b o u r  a n a l y s i s  may u n d e r e s t im a te  t h e  thymine  
c o n t e n t s  o f  t h e  v i r u s  DNAs. I n s p e c t i o n  o f  th e  MVÎïÎ DNA r e s u l t s  i n d i c a t e s  
t h a t  t h i s  e r r o r  p r o b a b l y  i s  o p e r a t i n g ,  s i n c e  h ig h e r  thymine  c o n t e n t s  a r e  
o b t a i n e d  by t h e  o t h e r  m ethods .  Except  f o r  t h i s  r e s e r v a t i o n ,  t h e  r e s u l t s  
o b t a i n e d  f o r  MVM DNA by d i f f e r e n t  methods a g re e  q u i t e  w e l l .  The v a l u e s  
f o r  H-1 DNA o b t a i n e d  by  t h e  two n e a r e s t - n e i g h b o u r  methods a l s o  a g r e e ,
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w i t h  t h e  s a m e  r e s e r v a t i o n .  T h e s e  v a l u e s  a r e  s i m i l a r  a l s o  t o  t h o s e  
f o u n d  f o r  HY DNA.
T h i s  g e n e r a l  a g r e e m e n t  g i v e s  c o n f i d e n c e  i n  t h e  s e t  o f  r e s u l t s  
d i s c u s s e d  s o  f a r .  H o w e v e r ,  t h e  r e s u l t s  o f  U s a t e g u i - G o i n e a  e t  a l ,
♦ «wawaw i#
( 1969 ) f o r  H“ 1 DNA d i f f e r  c o n s i d e r a b l y  f r o m  t h e  o t h e r s  i n  t h e i r  v a l u e s  
f o r  G a n d  G c o n t e n t s .  T h i s  d e t e r m i n a t i o n  ?/as  m a d e  b y  d i g e s t i n g  
Z™ DNA t o  5 ' " M o n o n u c l e o t i d e s ,  w h i c h  w e r e  s e p a r a t e d  b y  l o w  pH
e l e c t r o p h o r e s i s .  T h e r e  a r e  s e v e r a l  p o s s i b l e  c a u s e s  o f  t h e  d i s c r e p a n c y .  
F i r s t ,  i f  t h e  s p e c i f i c  a c t i v i t i e s  o f  t h e  d i f f e r e n t  d e o x y n u c l e o s i d e  5 ' “ 
t r i p h o s p h a t e s  i n  t h e  c e l l  w e r e  d i f f e r e n t ,  t h e s e  d i f f e r e n c e s  w o u l d  b e  
s e e n  i n  t h e  f i n a l  r e s u l t s ,  s i n c e  e a c h  p h o s p h a t e  gzroup r e m a i n s  a t t a c h e d  
t o  t h e  s a m e  n u c l e o s i d e  t h r o u g h o u t .  S e c o n d ,  t h e  r e s u l t  c o u l d  b e  d u e  t o  
a  d i g e s t i o n  o r  e l e c t r o p h o r e s i s  a r t i f a c t .  A s  d e s c r i b e d  i n  S e c t i o n s
2 , 3 .3  a n d  2 , 3 , 4 ? s u c h  d e g r a d a t i o n  p r o c e d u r e s  r e q u i r e  c o n s i d e r a b l e  c a r e .
I t  i s  o f  i n t e r e s t  t h a t  t h e  r e s u l t  o f  C r a w f o r d  a l ,  ( 1969 ) f o r  MYM DNA,  
u s i n g  h y d r o l y s i s  t o  5 ' « n u c l e o t i d e s ,  a l s o  e x h i b i t s  a  r e l a t i v e l y  l o w  G 
v a l u e .
A l l  t h e s e  DNAs h a v e  a  h i g h  t h y m i n e  c o n t e n t .  T h i s  s e e m s  t o  b e  q u i t e  
a  g e n e r a l  c h a r a c t e r i s t i c  o f  s i n g l e - s t r a n d e d  v i r u s  DNAs:  i t  i s  a l s o  s h o v m
b y  t h e  s i n g l e - s t r a n d e d  DNAs o f  p h a g e s  1 7 4 ?  f d  a n d  M13 ( S i n s h e i m e r ,  
1959? H o f f m a n n - D e r l i n g ,  M a r v i n  & D u r w a l d ,  1963; S a l i v a r ,  T z a g o l o f f  & 
P r a t t ,  1964)0  T h e  p a r v o v i r u s  DNAs a l s o  h a v e  (G + C)  v a l u e s  i n  t h e  r a n g e  
4 f ) - 4 5 ^  i . e .  c l o s e  t o  t h e  v a l u e s  f o r  v e r t e b r a t e  D N A s ,
Som e o f  t h e  r e s u l t s  d e s c r i b e d  h e r e  h a v e  b e e n  p u b l i s h e d  ( C r a w f o r d
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TABUS 7 . BASS CCMi;q 3iti_0No OF PARmv: RU3 DNAs
VIRUS METHOD OF ANALYSIS A io T f G E G 9'
MVM Hydrolysis of
DRA to 5 ' -riuc].e01iaesT<- 24 .8 3 3 . 8 1 7 . 8 21 .8
Hydrolysis of
DNA to 3 ' -nuc 1 e01ides'^- 23.6 33,3 20 .7 2 2 .4
DNA polymerase nearest- 
neighbour analysis 26.5 32.7 19 . 5 21 .4
RNA polymerase nearest- 
neighbour analysis 23 .0 34.8 1 9 . 8 2 2 . 5
n-M Hydrolysis of
DNA to 3'-^^^ÏGofiües+ 25.2 33.1 14.3 2 7 . 4
DNA polymerase nearest- 
neighbour analysis 25.5 2 9 . 3 22.6 22.6
RNA polymerase nearest- 
neighbour analysis 22 .2 33.0 20 .8 24 .0
RV DNA polymerase nearest- 
neighbour analysis 2 6 .8 29.6 20.6 22.9
*From Crawford ej; _al, ( I 969 ) .
+Prom Usategui-Gomez e t  al_. ( I 969 ) ,
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e t  a l . ,  1969? MoGeoch, Crawford & F o l l e t t ,  19?0)
3 . 2  ADENOVIKITSES
3 . 2 ,1  I n t r o d u c t i o n
T h is  g roup  o f  v i r u s e s  h a s  been d e s c r i b e d  by P e r e i r a ,  Huebner ,  
G insb e rg  & Van d e r  Veen ( 1 9 6 3 ) ,  They c o n ta in  d o u b l e - s t r a n d e d ,  a c y c l i c  
MA. Most o f  them a r e  a s s o c i a t e d  w i t h  r e s p i r a t o r y  i n f e c t i o n s .  Some 
a d e n o v i r u s e s  c ause  m a l ig n a n t  tumours  i n  newborn h a m s te r s .  The work 
d e s c r i b e d  h e r e  was co n ce rn e d  w i th  human a d e n o v i r u s e s ,  o f  which t h e r e  a r e  
31 s e r o l o g i c a l  t y p e s  (Lacy & Green,  I 967 ) ,  The human a d e n o v i r u s e s  have 
been d i v i d e d  i n t o  t h r e e  g ro u p s  a c c o r d i n g  t o  t h e  b a se  c o m p o s i t io n s  of  
t h e i r  MAs (P ina  & Green,  1965 ) : f i r s t ,  t h o s e  w i t h  (G + C) c o n t e n t s  o f
48-4^/^î which i n c l u d e  t h e  h i g h l y  oncogen ic  Ad 12, 18 and 31; s eco nd ,  
t h o s e  w i t h  (G + C) c o n t e n t s  o f  5 0 - 5 2;o, which i n c l u d e  Ad 3,  7 ,  11, 14, I 6 
and  21, and a r e  t y p i c a l l y  weakly  o n c o g e n ic 5 and ,  t h i r d ,  t h o s e  w i t h  h ig h  
(G + C) c o n t e n t s  ( 5 5 - 6 1 ^ ) ,  which  i n c l u d e  t h e  n o n -o n co g e n ic  Ad 1, 2, 4 ,
5 ,  6 ,  8, 9 ,  10,  13, 15 , 17 , 19 and 22-30,
The Ad DNAs have m o le c u la r  w e ig h t s  o f  20-25 m i l l i o n  (Green e t  a l . , 
1967 ) ,  The DNAs o f  t h e  on co gen ic  v i r u s e s  a r e  s l i g h t l y  s m a l l e r  t h a n  
t h o s e  o f  t h e  n o n -o n c o g e n ic  v i r u s e s  (Green ^  1967? Van d e r  Eb,
Van K e s t e r e n  & Van Druggen, I 969 ) ,  Lacy & Green ( 1964 , 1965, 1967) 
have examined r e l a t i o n s  between t h e  g ro up s  o f  a d e n o v i r u s e s  by DNA-DNA 
h y b r i d i s a t i o n .  The r e s u l t s  i n d i c a t e  t h a t  c l o s e  sequence  r e l a t i o n s  
e x i s t  w i t h i n  t h e  h i g h l y  on co g en ic  g ro u p ,  and w i t h i n  t h e  weakly  oncogen ic  
g ro up ;  l e s s e r  hom ologies  were d e t e c t e d  between DNAs o f  no n -o n co g e n ic
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v i r u s e s .  . Sequences  i n  t h e  h i g h l y  oncogenic  group  a r e  q u i t e  d i s t i n c t  
from t h o s e  i n  t h e  weakly  o n c og en ic  g roup .
The n e a r e s t - n e i g h b o u r  p a t t e r n  o f  Ad 2 DMA was d e te rm in e d  by 
M orr i son  e t  a^l. ( 1967 ) ( F i g . 6 ) ,  As d e s c r i b e d  ab ov e ,  t h e  a d e n o v i r u s e s  
can be d i v i d e d  i n t o  t h r e e  g ro u p s  by s e v e r a l  c r i t e r i a .  I t  wag, t h e r e ­
f o r e ,  o f  i n t e r e s t  t o  d e te r m in e  t h e  n e a r e s t - n e i g h b o u r  p a t t e r n s  o f  t h e  
DMAs from s e v e r a l  v i r u s e s  i n  each  g ro u p ,  t o  se e  i f  t h e s e  c o r r e l a t i o n s  
c o u ld  be  e x ten d ed  t o  t h e  n e a r e s t - n e i g h b o u r  f r e q u e n c i e s .  The n e a r e s t -  
n e ig h b o u r  p a t t e r n s  found  f o r  t h e  oncogen ic  papova v i r u s e s  r e sem b le  
t h o s e  o f  mammalian DMA, w h i l e  t h e  p a t t e r n s  found f o r  l a r g e  n o n -o n co g e n ic
v i r u s e s  a r e  d i f f e r e n t :  i t  was o f  i n t e r e s t  t o  a s c e r t a i n  w h e th e r  t h i s
t r e n d  e x i s t e d  a l s o  w i t h i n  t h e  a d e n o v i r u s  g ro u p .
3 * 2 .2  R e s u l t s  and D i s c u s s i o n .
The r e s u l t s  o f  n e a r e s t - n e i g h b o u r  a n a l y s e s  f o r  e i g h t  Ad DMAs a r e  
shown i n  T ab le  8 and F i g , 10. The b a se  c o m p o s i t io n s  o f  t h e  Ad DNAs a r e  
shown i n  T ab le  9 .  The r e s u l t s  f o r  Ad 2 a r e  from M orr i son  e t  a l .  ( 1967 ) .  
Agreement be tween t h e  f r e q u e n c i e s  o f  complementary d i n u c l e o t i d e s  i s ,  i n  
many c a s e s ,  n o t  good.  T h is  v a r i a b i l i t y  i s  most marked i n  t h e  r e s u l t s
f o r  Ad 12,  18 and 27» The A/T r a t i o s  g iv e n  by n e a r e s t - n e i g h b o u r
a n a l y s i s  a r e  a l l  l e s s  t h a n  1 . 0 0 ,  A gain ,  t h e  r e s u l t s  f o r  Ad 12, 18 and 
27 show t h e  l a r g e s t  d i s c r e p a n c i e s .  The (O H* C) c o n t e n t s  o b t a i n e d  
were a l l  lower t h a n  t h o s e  found  by P ina  & Green ( 1965 ) ,
D i f f i c u l t i e s  have been  e x p e r i e n c e d  i n  d e te r m in in g  Ad DNA b a se  
c o m p o s i t io n s  by o t h e r  methods:  P in a  & Green ( 1965 ) found  t h a t  t h e
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buoyan t  d e n s i t i e s  o f  t h e  i n t e r m e d i a t e  (G + O) g roup  were c o n s i s t e n t l y  
h i g h e r  t h a n  e x p e c t e d .  I n  t h e  p r e s e n t  s tu d y  i t  was found  t h a t  t h e  Ad 
DMA p r e p a r a t i o n s  u se d  had  low t e m p l a t e  a c t i v i t i e s  f o r  E , c p l i  DNA 
p o ly m e ra s e .  The DMAs were t h e r e f o r e  a c t i v a t e d  a s  d e s c r i b e d  i n  S e c t i o n  
2 , 3 Si nc e  t h e  d i s t r i b u t i o n  o f  A-T r i c h  r e g i o n s  i n  Ad DNi s^ i s  non- 
u n i fo rm  ( D o e r f l e r  & K l e in s c h m id t ,  1970? Kimes & Green,  19 7 0 ) ,  i t  i s  
p o s s i b l e  t h a t  t h e  a c t i v a t i o n  p r o c e d u r e  l e d  to  some p r e f e r e n t i a l  copying  
o f  A-T r i c h  r e g i o n s .  T h is  h y p o t h e s i s  cou ld  a cc o u n t  f o r  t h e  low (G + C) 
v a l u e s  o b t a i n e d  b u t  n o t  f o r  t h e  low a/T  r a t i o s  o r  t h e  d i s c r e p a n c i e s  
be tween complem entary  d o u b l e t s '  f r e q u e n c i e s ,  and i t  i s  e v i d e n t  t h a t  
some o t h e r  e r r o r  must be o p e r a t i n g .  Many of  t h e s e  a n a l y s e s  had t o  be 
p e r fo rm ed  on h a l f  t h e  normal s c a l e  b ecause  o f  t h e  s m a l l  q u a n t i t i e s  o f  
DMAs a v a i l a b l e .
The e r r o r s  o p e r a t i n g  i n  t h e s e  a n a l y s e s  seem t o  be s i m i l a r  f o r  a l l  
t h e  DNAs, and t h e  r e s u l t s  o b t a i n e d  a r e  s u f f i c i e n t l y  p r e c i s e  f o r  
com par isons  t o  be made. A l l  t h e  DNAs g iv e  s i m i l a r  d e v i a t i o n  h i s t o g r a m s ,  
which  a r e  a l s o  s i m i l a r  t o  t h e  p a t t e r n  o b t a i n e d  by M orr ison  e t  a l , ( 1967 ) 
f o r  Ad 2 .  However, t h e  Ad 2 DNA r e s u l t s  show a h i g h e r  s p e c i f i c  GpG 
c o n t e n t  tha% found  f o r  t h e  o t h e r  DNAs i n  t h e  p r e s e n t  s t u d y .  To 
f a c i l i t a t e  d e t a i l e d  c o m p a r i s o n s ,  t h e  complementary  d o u b l e t  f r e q u e n c i e s  
f o r  each  DNA were a v e r a g e d :  t h i s  re d u c e d  d a ta  (T ab le  10) d e m o n s t r a t e s
t h e  c lo s e  s i m i l a r i t y  be tween t h e  f r e q u e n c i e s  o f  t h e  members o f  each  
g ro u p .  T h is  n e a r - i d e n t i t y  o f  p a t t e r n  w i t h i n  e ach  g roup  encou raged  th e  
c a l c u l a t i o n  o f  t y p i c a l  f r e q u e n c y  p a t t e r n s  f o r  e ach  g roup  by a v e r a g i n g
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a l l  t h e  r e s u l t s  f o r  e ach  g ro u p .  These d a ta  (T ab le  10) show t h a t  th e  
f r e q u e n c i e s  o f  d i n u o l e o t i d e s  c o n t a i n i n g  b o th  a p u r i n e  and a p y r im id in e  
a r e  v e ry  s i m i l a r  i n  a l l  t h r e e  g r o u p s ,  w h i l e  t h o s e  d i n u o l e o t i d e s  
c o n t a i n i n g  e i t h e r  two p y r i m i d i n e s  o r  tv/o p u r i n e s  a l l  v a r y  between t h e  
g ro u p s  i n  a c c o rd a n c e  w i t h  (G + C) changes .  T h is  i s  a l s o  i l l u s t r a t e d  
by F i g , 11, The n e a r e s t - n e i g h b o u r  a n a l y s e s  t h e r e f o r e  s u g g e s t ,  t o g e t h e r  
w i t h  o t h e r  d a t a  on ( g + C) c o n t e n t s  and s i z e s  o f  t h e  DMAs and  on th e  
b i o lo g y  o f  t h e  a d e n o v i r u s e s ,  t h a t  t h e  human a d e n o v i r u s e s  a r e  c l o s e l y  
r e l a t e d  t o  e ach  o t h e r ,  i n  t e rm s  o f  t h e  sequence  s t r u c t u r e s  o f  t h e i r  
DMAs, and t h a t  t h e y  p r o b a b l y  have  a r i s e n  by d i v e r g e n c e  from a common 
a n c e s t o r -  A p a r t  from t h e  changes  i n  b ase  c o m p o s i t io n ,  which a r e  a p p l i e d  
p r o p o r t i o n a l l y  t o  a l l  d i n u c l e o t i d e s ,  t h e r e  a r e  lo d i s t i n c t i v e  f e a t u r e s  
which can be c o r r e l a t e d  w i th  oncogen ic  p o t e n t i a l .
The n e a r e s t - n e i g h b o u r  d a t a  t h u s  i n d i c a t e  u n e q u i v o c a l l y  t h a t  th e  
Ad DMAs a r e  c l o s e l y  r e l a t e d .  However, t h e  r e l a t i o n  o f  t h e  whole group 
o f  Ad DMAs t o  o t h e r  DMAs i s  l e s s  c l e a r -  Ad DMAs do n o t  e x h i b i t  t h e  
v e ry  low f r e q u e n c y  o f  CpG found  w i t h  v e r t e b r a t e  DNAs. However, t h e  GpG 
f r e q u e n c y  i n  Ad DMA i s  s t i l l  l e s s  t h a n  random. I n  o t h e r  r e s p e c t s  
( F i g - 11) t h e  d e v i a t i o n  h i s t o g r a m s  o f  th e  Ad DMAs a r e  q u a l i t a t i v e l y  
q u i t e  s i m i l a r  t o  t h e  v e r t e b r a t e  p a t t e r n -  However, s i m i l a r i t i e s  can 
a l s o  be seen  w i t h  t h e  E - c p ] â  p a t t e r n -  I n  c o n c l u s i o n ,  i t  seems t h a t  
t h e  Ad DMA p a t t e r n  does n o t  show s i m i l a r i t i e s  t o  o t h e r  DMAs g r e a t  enough 
t o  f o r m u l a t e  any f i r m  t h e o r i e s  on t h e  o r i g i n  o f  t h e  v i r u s  DMAs- I t  i s  
o f  i n t e r e s t  t h a t ,  from computer  compar isons  o f  n e a r e s t - n e i g h b o u r  d a t a ,
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_ ;^EArlG.;iP-^F8IG:i30UA fwsi /[iFl ::oviAUs d n a s
Ad 2-%' Ad 4 Ad 7 Ad 11
ApA TpT 64 68 59 66 69 77 75 85
CpA TpG 66 71 67 70 75 74 70 72
GpA TpG 55 55 55 65 54 60 59 64
GpT ApG 64 62 70 58 66 61 67 61
GpT ApC 59 56 55 52 55 52 58 54
GpG CpG 72 72 75 84 65 68 59 58
TpA 44 42 50 55
ApT 48 55 64 65
CpG 62 56 45 42
GpG 82 "76 71 62
Ad 12 Ad 18 Ad 21 Ad 27
ApA TpT 74 106 75 96 75 75 55 65
GpA TpG 67 69 68 68 70 79 70 75
GpA TpG 44 68 47 61 65 54 55 70
GpT ApG 65 54 67 54 64 65 84 61
GpT ApG 57 42 56 54 57 59 55 58
GpG GpG 55 65 56 66 68 58 71 69
TpA 60 66 48 45
ApT 75 72 59 48
GpG 59 57 44 50
GpG 61 56 65 77
F r e q u e n c i e s  a r e  e x p r e s s e d  a s  p a r t s  p e r  10 , 
tThe d a t a  f o r  Ad 2 a,re from F o r r i s o n  e t  a l , ( 1967 )
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TASL^] y.  BASE CO.F1POSITIONS OP ABiPPVIitUS DNAs
VIRUS T^ Gfc cfb A/T G/C (G+0)/ (G+C)/,
Ad 2 Î 22 .9 25*9 26*7 26 .4 0 .96 1 .01 53 57
Ad 4 22.1 24 ,3 2 5 ,8 27 . 8 0.91 0 .93 54 57
Ad 7 24 .5 26.1 24.4 25.1 0 .9 4 0 .97 50 51
Ad 11 25 ,4 27.3 23*4 23 .9 0 .93 0 .98 47 50
Ad 12 24.6 30.3 21.5 23.6 0.81 0.91 45 49
Ad 18 25 ,5 29*2 2 1 .6 23 .7 0 .8 8 0.91 45 47
Ad 21 25 . 4 25.6 25 .4 23 .7 0 . 99 1.07 49 52
Ad 27 22.1 25 .2 25.4 27 .4 0 .8 8 0 .93 53 60
These data, a r e  f rom n e a r e s t -  n e ig h ho i i r  a n a l y s e s • The (C-hC) 
v a l u e s  by t h i s  method a r e  compared w i t h  v a l u e s  o b t a i n e d  by 
d i r e c t  c h em ic a l  methods*
* From P in a  & Green (19^5)*
t  D ata  f o r  Ad 2 a r e  from M o rr i so n  _et aT,  (19&7).
TATk» fewmu-u-^hS 10. RFhUCTIOÏÏ OF
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ALFJ-IO■eWi. Ï I M 3 miA It îST-LraiGHBOÜR DATA
LOW (C+C) 
DFAs
12 18
MFLIim (GfC) 
LLAs
7 11 21
HIGH (G+C)
DlîAs
2* 4 27 :
MEANS
B 1—!
g  H,-q g;
1 - - ........
sMK
ApA/TpT 90 86 73 78 74 66 63 58 88 75 62
CpA/TpG 68 68 74 71 75 69 69 72 68 73 70
GpA/TpC 56 54 57 62 59 55 59 62 55 59 59
CpT/ApG 60 61 63 69 64 63 64 73 60 64 67
GpT/ApC 50 55 54 61 58 58 54 56 52 56 56
GpG/CpG 59 61 67 59 63 72 79 70 60 63 74
TpA 60 66 50 53 48 44 42 43 63 50 43
ApT 75 72 64 65 59 48 53 48 73 63 50
CpG 39 37 45 42 44 62 56 50 38 44 56
GpG 61 56 71 62 65 82 76 77 58 66 78
The mean f r e q u e n c y  o f  complementary  d o u b l e t s  i s  g i v e n .  F r e q u e n c i e s
3a r e  i n  p a r t s  p e r  10 *
* Data  f o r  Ad 2 a r e  from M o rr i so n  e t  a l .  (19^7)*
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ecu2 PATT;;:-a ' ny a y,:r..y' yjy DNAs
F -I ] ''CEnp , p. p ,p ,. -t ;' r-4 ' j P-i
~i*20
F-TJ 0 ^ 1 : cc2)r ,
>. r-~ i p . p  c  p  p. C-C.H :PCP[-i'-::CJ
•20
+20
0
■"•20
+20
0
-2 0
+20
0
"20
u g Û - x = P l - J
o Üp.. p , p , p .o o  o  o
n
P n
**' ^  ‘ ^|*
f—
t I J . '  I L j,W W W
+20
0
-20
n t—I— '
a '
.CZlD..
j Z j  r i Z - l - c f = a  SrbaCL
1 ]
Cl
+20
0
"20
u
X _rt
cp- .  C l _  _ i—TTP J n
+20
0
-20
~ i: r
J O -
c r
~ T _ _
I J"
- P  CZzaCl,
i“ i- j"^ 1 r i  n
i-j
+20
0
'"20
Ad 2 (j ' o r r i s o n  e t  
a l . , 1967)
Ad 4
Ad 7
Ad 11
Ad 12
Ad 18
Ad 21
Ad 27
F r e q u e n c ie s  a r c  a s  p a r t s  p e r  10' d e v i a t i o n  from random.
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F)U. C
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0
0
+20
0
"-'“'20
+20
0
‘'■"20
+20
0
-20
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0
-2 0
"'40
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ÇL f.-. p. <  L+ " î;
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Eh O cc cO C:
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nIZJ 'I Z l — czz : i E U
r i iC L
. J Z L n
r
I L p - U C Z L
Low (G+C) 
Ad DNAs
I^xdiujTt (G+C) 
Ad DKAs
High (Cri-C) 
Ad DNAs
  ^ ,— I D  i% c o l i  DNA
»—J  (JoGse e t  a l . 5'1961)
Human s p l e e n  DHA 
( o v a r t z  e t  a l . »  I 962 )
3F r e q u e n c i e s  a r e  a s  p a r t s  p e r  10' d e v i a t i o n  from random. 
The f r e q u e n c i e s  o f  complementEiry d i n u c l e o t i d e s  a.re 
av e ra g e d  «
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B e l l e t t  ( 1967 ) c l a s s i f i e d  Ad 2 DNA a s  an i n t e r m e d i a t e  ty p e  bç'tv/een 
mammalian and b a c t e r i a l  DNAs (See S e c t i o n  1 , 2 , 5 / ,  Those s i m i l a r i t i e s  
i n  f r e q u e n c y  p a t t e r n  which can be d e t e c t e d  w i t h  o t h e r  DNA t y p e s  could  
be due n o t  t o  an y  common h i . s to r y  b u t  t o  a s i m i l a r  u se  o f  th e  g e n e t i c  
code.  T h is  i s  d i s c u s s e d  i n  S e c t i o n  3 *6 ,
3 ,3  bacteria
As d e s c r i b e d  i n  S e c t i o n  1 , 2 . 4  , t h e  known n e a r e s t - n e i g h b o u r
p a t t e r n s  o f  b a c t e r i a l  DNAs can be d i v id e d  i n t o  o n ly  a few c l a s s e s .
F u r t h e r  n e a r e s t - n e i g h b o u r  a n a l y s e s  o f  b a c t e r i a l  DNAs were  u n d e r t a k e n  t o  
e x te n d  knowledge o f  p o s s i b l e  p a t t e r n s .  In  T ab le  11 a r e  shown th e  
n e a r e s t - n e i g h b o u r  f r e q u e n c i e s  and d e r i v e d  b ase  c o m p o s i t io n s  f o r  t h e  
DNAs o f  B .m eg a te r iu m ,  P , v u l g a r i s ,  S .m a rce sc en s  and R .rub rum ,  and a l s o  
f o r  phage of DNA, A l l  t h e  r e s u l t s  g i v e  good ag reem ent  be tw een  f r e q u e n c y  
v a l u e s  o f  complementary  d o u b l e t s .  The b a se  c o m p o s i t io n s  o b t a i n e d  by 
n e a r e s t - n e i g h b o u r  a n a l y s i s  a g r e e  c l o s e l y  w i th  t h o s e  e s t i m a t e d  from 
buoyan t  d e n s i t i e s  o f  t h e  DNAs, and a l s o  w i t h  v a l u e s  t a b u l a t e d  by H i l l  
( 1966 ) ,  However, w i t h  t h e s e  DNAs a l s o ,  t h e  A/T r a t i o s  a r e  a l l  l e s s  
t h a n  1 , 0 0  ( O .92  t o  O . 9 9 ) .
F i g .  1 2  shows th e  d e v i a t i o n  h i s to g r a m s  o f  t h e s e  DNAs, and o f  E . c o l i  
DNA. DNAs from t h e  E u b a c t e r i a  B .m ega te r ium ,  P . v u l g a r i s  and S .m arce sc en s  
a l l  g i v e  n e a r - ran d o m  p a t t e r n s  q u a l i t a t i v e l y  s i m i l a r  t o  t h a t  f o r  E . c o l i  
DNA, i n  s p i t e  o f  a v a r i a t i o n  i n  (C + C) c o n te n t  f rom 34?^ t o  57^«» The 
b a s i s  o f  t h e  E . c o j û  p a t t e r n ^ i n  te rm s  o f  codon u s e ,  i s  d i s c u s s e d  i n
TABLE 1 1 .  îTEARESa
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-HBIGHBÜHR FREOHEHCIES OF BACTERIAL DNAs
B a c i l l u s
Lega te r iu in
I r o t e u s
V u l g a r i s
S e r r a t i a
m arcescens
Rliodospo
rubruni
Fhage (X
ApA TpT 1 2 0  1 2 2 105 1 2 0 50 5 9 3 7  4 7 7 3  81
GpA TpG 5 3  62 .64 70 67 69 5 9  5 9 5 8  61
GpA TpG 5 5  5 3 51 4 8 56 61 6 6  7 3 65 67
CpT ApG 51 52 50 5 3 5 3  4 9 51 4 5 8 5  7 9
GpT ApG 51 50 5 4  4 8 5 4  50 4 7  4 7 60  60
GpG CpG 31 31 36 35 69  69 9 5  9 8 41 4 3
TpA 9 5 8 8 35 2 2 8 5
ApT 1 0 8 1 0 2 5 9 56 69
CpG 28 29 9 6 105 29
GpC 3 5 4 7 105 9 5 4 5
(&-C) io M 3 7 5 7 6 2 4 3
Quoted
(G-hC) 3 4 3 7 5 5 63 4 4
%
F r e q u e n c i e s  a r e  i n  p a r t s  p e r  10 •
The ’’q u o ted "  (G+C) v a l u e s  were o b t a i n e d  by buoyan t  d e n s i t y  
c e n t r i f u g a t i o n ,  and  a g r e e  w i t h  t h e  v a l u e s  g iv e n  by H i l l  ( 1966 )
FJ'MJE’’ 1 2 . L - y y r M j - " ' : F;+y':-x' \ 2 02 ^ x c te r ta l  dhas
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-20  I* 
+20 r 
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"20
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I n  n
u
] — C 3
J H
B a c i l l u s
me+utcrium
P ro to u s  
v u l g a r i s
G e r r a t l a
rnarcGScens
1 in odo s p i r t  1 lum 
riibrujn
Phage
E s c h e r i c h i a
c o l i
( Jos  se e t  a'U , 1p6 l)
F r e q u e n c i e s  cire a s  p a r t s  p e r  10 d e v i a t i o n  from random*
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S e c t i o n  3*6.  DNA from t h e  p h o t o s y n t h e t i c  b a c t e r iu m  R . r u b r u m g i v e s  a 
d i s t i n c t  and u n u s u a l  p a t t e r n .  A l l  b a c t e r i a ,  o t h e r  t h a n  R .rub rum ,  whose 
n e a r e s t - n e i g h b o u r  p a t t e r n s  have  been measured t o  d a t e  b e lo n g  t o  th e  o r d e r  
E u b a c t e r i a l e s ; R .rubrum  b e lo n g s  t o  th e  R h o d o b a c t e r i a l e s  (Thimann, 1963) ,
I t s  n e a r e s t - n e i g h b o u r  p a t t e r n  p resum ab ly  t h e n  i s  a  r e s u l t  o f  i t s  d i s t i n c t  
e v o l u t i o n .  Phage cX DNA a l s o  g i v e s  an u n u s u a l  p a t t e r n ,  q u i t e  u n l i k e  
t h a t  o f  i t s  h o s t ,  B .m ega te r ium .
3 . 4  EITGARYOTES
T hree  e u c a r y o t e  DNAs, from A . n i d u l a n s ,  D .m e la n o g a s te r  and  R, 
c a t e s b e i a n a , were a n a l y s e d .  T h e i r  n e a r e s t - n e i g h b o u r  f r e q u e n c y  p a t t e r n s  
and b a se  c o m p o s i t io n s  a r e  shown i n  T ab le  12 and P i g . 13, A l l  t h r e e  DNAs 
gave good ag reem en t  be tween t h e  f r e q u e n c i e s  o f  complementary d i n u c l e o t i d e s ,  
A/T r a t i o s  a r e  a g a i n  l e a s  t h a n  1 .0 0 ,  The b a se  c o m p o s i t i o n s  o b t a i n e d  by 
n e a r e s t - n e i g h b o u r  a n a l y s i s  f o r  D .m e la n o g as te r  and R . c a t e s b e i a n a  DNAs 
a g r e e d  w i t h  buoyan t  d e n s i t y  d e t e r m i n a t i o n s  and l i t e r a t u r e  v a l u e s .  N e a r e s t -  
n e ig h b o u r  a n a l y s i s  and b uoyan t  d e n s i t y  measurements  b o th  i n d i c a t e d  a 
(G + C) c o n t e n t  o f  4 4 -4 5 ^  f o r  A .n i d u l a n s  DNA. However, p r e v i o u s  
e s t i m a t e s  f o r  A .n i d u Ia n s  DNA i n d i c a t e d  a (G + q ) c o n te n t  o f  5C^
(G. P o n t e c o r v o ,  p e r s o n a l  co m m u n ica t io n ) . T h is  d i s c r e p a n c y  h as  n o t  been 
r e s o l v e d ,  and r e s u l t s  f o r  A . n i d u l a n s  must t h e r e f o r e  be t r e a t e d  w i t h  
c a u t i o n .
The d e v i a t i o n  h i s to g r a m  f o r  A . n i d u l a n s  DNA shows f r e q u e n c i e s  v e r y  
c l o s e  t o  random, and q u i t e  s i m i l a r  t o  t h o s e  found  by Ja c k s o n  e t  a l .
( 1965) f o r  b a k e r ’ s y e a s t  DNA ( P i g . 1 3 ) .  Dofflolanogas t e r  DNA a l s o  g i v e s
98
a n ea r - ran d o m  p a t t e r n ,  s i m i l a r  t o  t h e  E . c o l i  DNA t jq )e .  T h is  i s  t h e  
f i r s t  example o f  an  i n s e c t  DNA n e a r e s t - n e i g h b o u r  p a t t e r n .  I t  d i f f e r s  
m arked ly  from t h e  o t h e r  a n a l y s i s  o f  an A r th ro p o d  DNA: -  main band DNA 
o f  Cancer b o r e a l i s  (Sw ar tz  e t  a l , ,  1962) ,  The D ,m e la n o g a s te r  DNA 
p a t t e r n  i s  u n iq u e  among p a t t e r n s  known f o r  r n u l t i c e l l u l a r  o rg a n i s m s ,  
s i n c e  i t  shows no marked d e v i a t i o n s  from random and ,  i n  p a r t i c u l a r ,  no 
CpG s h o r t a g e .  The h a p l o i d  amount o f  DNA f o r  D, me1anoya s t e r  i s  o n ly  
a b o u t  t e n  t im e s  t h e  amount o f  DNA found  i n  an E . c o l i  chromosome (
K urn ick  & H erskov / i tz ,  1952) .  T h is  i s  an  e x c e p t i o n a l l y  low, and p e rh a p s  
minimum, v a l u e  f o r  a r n u l t i c e l l u l a r  o rgan ism  ( S h a p i r o ,  1 96 8 ) .  U s ing  
t h e  a rgum ents  o f  S e c t i o n  1 . 1 ,  i t  a p p e a r s  l i k e l y  t h a t  much o f  D .m e la n o g a s te r  
DNA i s  u s e d  f o r  p r o t e i n  s p e c i f i c a t i o n .  The amount o f  DNA a v a i l a b l e  
f o r  c o n t r o l  and  i n t e g r a t i o n  f u n c t i o n s  (and f o r  o t h e r  u s e s )  must be much 
l e s s  t h a n  i n  h i g h e r  o r g a n i s m s .  I t  t h e r e f o r e  seems r e a s o n a b l e  t h a t  t h e  
sequence  s t r u c t u r e  o f  D .m e3anqgas te r  DNA, a s  summarised by t h e  n e a r e s t -  
n e ig h b o u r  a n a l y s i s ,  sh o u ld  be s i m p le r  th an  th e  s t r u c t u r e s  o f  DNAs from 
h i g h e r  o rg an ism s  w i t h  much l a r g e r  c e l l u l a r  DNA complements .
DNA from R , c a t e s b e i a n a  (N or th  American b u l l f r o g )  e x h i b i t s  th e  
t y p i c a l  v e r t e b r a t e  p a t t e r n ,  and  i s  t h e  f i r s t  DNA from an am phib ian  
a n a l y s e d .  T h i s  p a t t e r n  h a s  nov/ b een  o b se rv e d  i n  a l l  o r d e r s  o f  t h e  
C h o rd a ta ,  e x c e p t  f o r  r e p t i l e s ,  f o r  which no r e s u l t s  a r e  a v a i l a b l e .  The 
b a s i s  o f  t h i s  p a t t e r n  i s  d i s c u s s e d  i n  S e c t i o n  3 . 6 ,
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TABLTC 12 o IfEMEST-T'raiGHBOUR I’lii^ OTJERCIES 0? EUCARYOTE UNAs
A s p e r g i l l u s
n i d u l a n s
D r o s o p h i l a
m e la n o g a s t e r
Rana
c a t e s b e i a n a
ApA TpT 79 81 99 i l l 80 92
CpA TpG 58 65 61 68 76 77
GpA TpG 65 59 58 55 51 66
CpT ApG 66 65 58 58 75 64
GpT ApG 52 51 55 51 58 55
GpG GpG 52 . 49 44 59 55 55
TpA 77 76 58
ApT 82 86 75
GpG 45 57 17
GpG 58 51 48 '
(G+C) ‘fh 44 40 44
Quoted (G-1-C) 50^ 41 Î 45
F r e q u e n c i e s  a r e  i n  p a r t s  p e r  10 .
-X- G .P o n te c o rv o ,  p e r s o n a l  communication,  
X  H a s t i n g s  & K irby  (1966)* 
f  Pinamore & V o lk in  (1958)•
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F r e q u e n c i e s  a r e  a s  p a r t s  p e r  10' d e v i a t i o n  from .random
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3 .5  MOUSE SATELLITE AKD MAIK BAKU UNAs.
3 ,5 * 1  I n t r o d u c t i o n
S a t e l l i t e  MAs a r e  f r a c t i o n s  o f  n u c l e a r  BNA v/hich a r e  found  i n  
most h i g h e r  o rg a n i s m s .  The work d e s c r i b e d  h e re  was p e r fo rm ed  on t h e  
l i g h t  s a t e l l i t e  o f  mouse DNA, T h is  m a t e r i a l  forms a b o u t  10^ o f  
t o t a l  mouse MA and  i s  d i s t i n g u i s h e d  from th e  b u lk  MA by,  f i r s t ,  i t s  
lower  buoyant  d e n s i t y  ( K i t ,  I 9 61 ) an d ,  second ,  i t s  h i g h  r e a s s o c i a t i o n  
r a t e  a f t e r  d é n a t u r a t i o n  (Waring & B r i t t e n ,  1966) .  The k i n e t i c s  o f  
r e a s s o c i a t i o n  s u g g e s t  t h a t  t h e  s a t e l l i t e  DNü i s  composed o f  r e p e a t s  
o f  s i m i l a r  s e q u e n c e s  each  c o n t a i n i n g  300-600 b ase  p a i r s  (Waring & 
B r i t t e n ,  1966 ) ,  The two s t r a n d s  o f  mouse s a t e l l i t e  MA can be 
s e p a r a t e d  by c e n t r i f u g a t i o n  i n  a l k a l i n e  caesium c h l o r i d e  (Flamm,
McGallum & W alker ,  I 967 ) ,  T h i s  s a t e l l i t e  BNA i s  a l s o  d i s t i n g u i s h e d  
by i t s  i n t r a c e l l u l a r  b e h a v i o u r .  I n  metaphase  chromosomes i t  i s  
s i t u a t e d  n e a r  t h e  c e n t ro m e re s  ( J o n e s ,  1970)* I n  polyoma v i r u s  i n f e c t e d  
c e l l s  th e  s a t e l l i t e  BNA r e p l i c a t e s  e a r l i e r  i n  th e  c e l l  c y c l e  t h a n  t h e  
b u lk  o f  t h e  c e l l u l a r  BNA (Sm ith ,  1970) ,  However, i t  a p p e a r s  t h a t  i n  
u n i n f e c t e d  c e l l s  t h e  s a t e l l i t e  BNA may r e p l i c a t e  l a t e r  t h a n  most o f  t h e  
BNA ( H e l l e i n e r  & Cohen, 1970)# Mouse s a t e l l i t e  BNA i s  n o t  t r a n s c r i b e d  
i n  v iv o  (Flamm, WaIker & McCallum, I 969 )*
T h is  m a t e r i a l  i s  t h u s  an e x t r e m e ly  i n t e r e s t i n g  f r a c t i o n  o f  mouse 
BNA, o f  unknovm f u n c t i o n .  A n e a r e s t - n e i g h b o u r  a n a l y s i s  o f  mouse 
s a t e l l i t e  BNA was u n d e r t a k e n  t o  d e f i n e  i t s  r e l a t i o n  t o  main band BNA i n  
t e rm s  o f  sequence  s t r u c t u r e ,  and w i t h  t h e  th o u g h t  t h a t ,  s i n c e  t h i s  BNA 
a p p e a re d  t o  have a s h o r t  r e p e t i t i o n  l e n g t h ,  q u i t e  e x t e n s i v e  i n s i g h t  i n t o
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i t s  se q u en c es  might  he o b t a i n e d .
3*5*2 R e s u l t s  and D i s c u s s i o n .
The n e a r e s t - n e i g h b o u r  f r e q u e n c i e s  and d e r i v e d  b ase  c o m p o s i t io n s  
o f  mouse s a t e l l i t e  and main band DNAs a r e  shown i n  T ab le  13 and F i g . 14# 
These  a r e  t h e  means o f  r e s u l t s  o b t a i n e d  w i th  tvm s e p a r a t e  p r e p a r a t i o n s  
o f  t h e  DNAs. The main band DKA g i v e s  f r e q u e n c i e s  v e r y  s i m i l a r  t o  
t h o s e  o f  u n f r a c t i o n a t e d  mouse DKA ( F i g . 1 4 ) ,  a s  might  be e x p e c te d  o f  a 
f r a c t i o n  r e p r e s e n t i n g  o f  t h e  t o t a l  DNA. B e s id e  h a v in g  a lower 
(G 4 C) c o n t e n t  t h a n  main band DNA, mouse s a t e l l i t e  DNA a l s o  h a s  a 
d i s t i n c t  n e a r e s t - n e i g h b o u r  d e v i a t i o n  h i s to g r a m  i . e .  t h e  d i f f e r e n c e  
i n  b a se  c o m p o s i t io n  from main band DNA i s  n o t  due t o  a u n i f o r m  
r e p la c e m e n t  o f  G and C by A and T. T h is  i m p l i e s  t h a t  t h e  seq uences  
p r e s e n t  i n  t h e  s a t e l l i t e  were n o t  d e r i v e d  from a DNA o f  main band 
p a t t e r n  by random m u t a t i o n s .  Much o f  t h e  d i f f e r e n c e  i n  b a se  c o m p o s i t io n  
can be a s c r i b e d  t o  t h e  h ig h  f r e q u e n c i e s  o f  ApA and TpT i n  s a t e l l i t e  DNA. 
The GpG f r e q u e n c y  o f  t h e  s a t e l l i t e  i s  tw ice  t h a t  o f  main band DNA.
T h is  c o r r e l a t e s  w i t h  t h e  r e s u l t s  o f  Salomon, Kaye & H erzb e rg  ( 1969)7 who 
found  t h a t  t h e  l e v e l  o f  ^ ^ m s t h y l c y t o s i n e  i n  mouse s a t e l l i t e  DNA was 
a b o u t  tw ic e  t h e  l e v e l  found  i n  t h e  b u lk  DNA, As m en t ioned  i n  S e c t io n  
1 .2 .5 ?  mammalian DNA a p p e a r s  t o  be m e th y la t e d  o n ly  i n  t h e  sequence  
MeCpG. The s a t e l l i t e  MA i s  a p p a r e n t l y  n o t  composed o f  v e ry  s im ple  
se q u e n c e s ,  s i n c e  a l l  d i n u c l e o t i d e s  a r e  p r e s e n t  i n  a p p r e c i a b l e  amounts .
The n e a r e s t - n e i g h b o u r  a n a l y s i s  o f  t h e  s a t e l l i t e  does n o t  p r e c l u d e  t h e
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p o s s i b i l i t y  t h a t  t h e  s a t e l l i t e  sequences  c o u ld  have p o l y p e p t i d e -  
s p e c i f y i n g  p o t e n t i a l .
The b a se  seq uence  o f  g u i n e a - p i g  c x - s a t e l l i t e  DNA has  been 
examined by S o u th e rn  ( l 9 7 0 )  who c o n s i d e r s  t h a t  t h e  fu n d am e n ta l  
r e p e a t i n g  u n i t  i s  v e ry  s h o r t  ( p e r h a p s  a h e x a n u c l e o t i d e )  and t h a t  t h i s  
b a s i c  sequence  i s  much m o d i f i e d  by a c c u m u la t io n  of  m u t a t i o n s .  No 
sequence  r e l a t i o n s h i p  v/as d e t e c t a b l e  between t h e  g u i n e a - p i g  o<- 
s a t e l l i t e  and mouse s a t e l l i t e .  Sou the rn  (iJT*^ a l s o  c o n s i d e r s  t h a t  
mouse s a t e l l i t e  DNA i s  d e r i v e d  from th e  r e p e t i t i o n  and m u ta t io n  o f  a 
sequence  o f  8 t o  13 b ase  p a i r s ,  which i n c l u d e s  t h e  p y r i m i d i n e  sequence  
T-T-T-T-T-G, The co n ce p t  t h a t  mouse s a t e l l i t e  DNA m i g h t ’be  d e r i v e d  
from a s h o r t  sequence  s u g g e s t s  a new method f o r  exam in ing  t h e  n e a r e s t -  
n e ig h b o u r  r e s u l t s : -  c l a s s i f y  t h e  d o u b l e t s  i n t o  h i g h  and low f r e q u e n c y  
g r o u p s ;  c o n s i d e r  t h e  h i g h  f r e q u e n c y  sequences  a s  p a r t  o f  t h e  b a s i c  
se q u en ce ,  and t h e  low f r e q u e n c y  members a s  r e s u l t i n g  from a c c u m u la t io n  
o f  m u t a t i o n s .  The f i n d i n g  o f  a h ig h  f requency ,  s p e c i e s  T-T-T-T-T-G 
by S o u th e rn  ( l 9 7 0 )  i s  c o n s i s t e n t  w i t h  t h e  p r e s e n t  f i n d i n g  o f  v e r y  h i g h  
ApA/TpT f r e q u e n c i e s ,  and m o d e r a te ly  h ig h  TpC/GpA f r e q u e n c i e s .  Sou the rn  
( 1970) o b t a i n e d  th e  p y r i m i d i n e  h e x a n u c l e o t i d e  by d ip hen y lam ine  -  fo rm ic  
a c i d  d e g r a d a t i o n  o f  t h e  DNA (B ur ton  & P e t e r s e n ,  I 960 ) ,  • T h is  i m p l i e s  
t h a t  p u r i n e  n u c l e o s i d e s  sh o u ld  l i e  on b o th  s i d e s  t h u s :  
Pu-T-T-T-T-T-C -Pu .  The n e a r e s t - n e i g h b o u r  d a ta  i n d i c a t e  t h a t  t h e  
n u c l e o s i d e  on t h e  3 ' s i d e  i s  p r o b a b l y  A: t h e  mean f r e q u e n c y  o f  th e
d i n u c l e o t i d e  p a i r  CpA/TpG i s  3*7 t im e s  t h a t  o f  t h e  a l t e r n a t i v e  GpG, and 
i s  v e ry  c l o s e  t o  t h e  TpG f r e q u e n c y .  S i m i l a r l y ,  t h e  more l i k e l y
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c a n d i d a t e  f o r  t h e  5 ' - s i d e  i s  A, T h is  g i v e s  a b a s i c  sequence  
c o n t a i n i n g  A-T-T-T-T-T-C-A, I n  c o n c l u s i o n ,  t h e  n e a r e s t - n e i g h b o u r  
a n a l y s i s  i s  q u a l i t a t i v e l y  c o n s i s t e n t  w i t h  t h e  sequence  s t u d i e s ,  
and i n d i c a t e s  p o s s i b l e  e x t e n s i o n s  o f  t h e  b a s i c  se q u e n c e .  From th e  
n e a r e s t - n e i g h b o u r  d a ta  i t  i s  a p p a r e n t  t h a t ,  i f  mouse s a t e l l i t e  DNA 
i s  in d ee d  composed o f  v e ry  s h o r t  r e p e a t i n g  s e q u e n c e s ,  t h e n  a l a r g e  
number o f  m u t a t i o n s  must have a c c u m u la te d .
The sequence  s t u d i e s  o f  S o u th e rn  ( l 9 ? 0 )  on s a t e l l i t e  DNAs 
d i f f e r  from s t u d i e s  on RNAs i n  t h a t  t h e y  do no t  examine u n iq ue  
s e q u e n c e s ,  and a r e  r e a l l y  a form o f  o l i g o n u c l e o t i d e  f r e q u e n c y  a n a l y s i s .  
T h is  s u g g e s t s  two ways o f  s t u d y i n g  s a t e l l i t e  sequ en ces  f u r t h e r .
F i r s t ,  n e a r e s t - n e i g h b o u r  a n a l y s i s  o f  t h e  s e p a r a t e d  s t r a n d s  o f  a  
s a t e l l i t e  DNA s h o u ld  g i v e  a v a l u a b l e  e x t e n s i o n  t o  t h e  p y r i m i d i n e  ru n  
a p p ro a c h .  N e x t ,  a s i n g l e  s t r a n d  o f  s a t e l l i t e  DNA c o u ld  a g a i n  be 
u s e d  a s  t e m p l a t e  f o r  DNA p o ly m e ra s e ,  and t h e  s t r a n d  p ro d uced  l a b e l l e d  
u s i n g  one ^ " dPuTP s p e c i e s  a t  a t im e ,  D ipheny lam ine- fo r rn ic  
a c i d  d e g r a d a t i o n  and f r a c t i o n a t i o n  o f  t h e  p y r im id in e  r u n s  would t h e n  
e x te n d  t h e  s e q u en c es  found  by S o u th e rn  ( l9 7 0 )  t o  g i v e  t h e  p redom inan t  
p u r i n e  on t h e  3 ’ - s i d e ,  so a l l o w i n g  b e t t e r  i n t e g r a t i o n  o f  t h e  d a ta  
t o  g i v e  p r o b a b le  l o n g e r  s e q u e n c e s ,  A s i m i l a r  method was u se d  i n  t h i s  
t h e s i s  t o  s tu d y  o t h e r  p rob lem s ( S e c t i o n  4 * 2 ) ,
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T./VBLE 13, N E A R E S T - N E I G H B O U R  FREOUERCIES OF R O U S E  D N A  FRACTIONS
S a t e l l i t e
DNA
Main Band 
DNA
T o t a l
DNA
ApA TpT 119 133 83 91 88 93
CpA TpG 72 71 80 77 72 78
GpA TpG 64 74 54 66 61 63
CpT ApG 57 . 52 73 67 75 70
GpT ApC 57 53 57 54 57 54
GpG CpC 32 33 53 53 51 50
TpA 55 64 67
, ApT 87 76 75 .
GpG 19 9 9
GpC 21 42 39
(ot-c) ic 35 42 41
F r e q u e n c i e s  a r e  a s  p a r t s  p e r  10 . 
* From Swartz  ( I 962 ) .
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3 o6 TffM BASIS OF NSARFSTMSIOrHBOUK PATTERNS
In  t h i s  s e c t i o n  some a t t e m p t s  a r e  made a t  e x p l a i n i n g  n e a r e s t -  
n e ig h b o u r  p a t t e r n s  o f  DNAs i n  te rm s  o f  t h e  sequences  p r e s e n t  i n  th e  
DNAs. As rem arked  i n  S e c t i o n  1 .2 .5 »  i t  a p p e a rs  r e a s o n a b l e  t h a t  
t h e  n e a r e s t - n e i g h b o u r  p a t t e r n  o f  a DNA sho u ld  depend on t h e  codons 
u se d  i n  t h e  DNA, a t  l e a s t  w i t h  genomes where most o f  t h e  DKA i s  u se d  
t o  s p e c i f y  p o l y p e p t i d e s . The f r e q u e n c y  o f  o c c u r re n c e  o f  codons i n  
a g iv e n  DNA sh o u ld  depend on two f a c t o r s .  F i r s t ,  i t  must be 
r e l a t e d  t o  t h e  p r o p o r t i o n s  o f  d i f f e r e n t  amino a c i d s  i n  t h e  p r o t e i n s  
s p e c i f i e d  by t n e  DNA. Second, i t  must depend on t h e  r e l a t i v e  
u sa g e  o f  t h e  members o f  s e t s  o f  synonymous codons.  The q u e s t i o n  o f  
what f o r c e s  might  be i n v o lv e d  i n  t h e  e v o l u t i o n a r y  c o n s t r u c t i o n  of  
such  a codon s e t  i s  n o t  e l a b o r a t e d  a t  l e n g t h  h e r e .  S e l e c t i o n  might  
be f o r  a g i v e n  amino a c i d  c o m p o s i t io n  i n  p r o t e i n s ,  o r  f o r  a g iv e n  
t o t a l  b a se  c o m p o s i t io n  o f  t h e  DNA. Both o f  t h e s e  t r e n d s  co u ld  be 
d r i v e n  by t h e  need  t o  maximise r e s p o n s e  t o  v a r i o u s  p h y s i c o - c h e m i c a l  
demands o f  t h e  o r g a n i s m ’ s s t r u c t u r e  and f u n c t i o n i n g ,  o r  by t h e  
n u t r i t i o n a l  o r  m e t a b o l i c  a v a i l a b i l i t y  o f  d i f f e r e n t  a n a b o l i t e s j  a l l  
t h e s e  t y p e s  o f  f o r c e  c o u ld  o p e r a t e  a t  once .  I n  a d d i t i o n ,  i f  
se q u en ces  o t h e r  t h a n  codons ( e . g .  c o n t r o l  s e q u en c es )  were f r e q u e n t  
enough and u n u s u a l  enough i n  s t r u c t u r e ,  t h e n  t h e y  t o o  would 
c o n t r i b u t e  t o  t h e  o b s e rv e d  p a t t e r n .
S e v e r a l  a t t e m p t s  have been  made t o  c o n s t r u c t  models t o  
r a t i o n a l i s e  n e a r e s t - n e i g h b o u r  p a t t e r n s  u s i n g  s im p le  h y p o t h e s e s .
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Subak-Sharpe  _et a j .  (1956)  c a l c u l a t e d  t h e  n e a r e s t - n e i g h b o u r  p a t t e r n  
f o r  a DNA h a v in g  a random b a se  sequence  e xce p t  t h a t  t h e  codons TAÂ, 
TAG, CGN and NGG were f o r b i d d e n :  t h i s  p a t t e r n  was shown t o  be
s i m i l a r  t o  t h a t  o f  v e r t e b r a t e  DKA. A l though  s i m i l a r  c a l c u l a t i o n s ,  
b an n in g  TAA and TAG codons ,  a p p e a re d  t o  g iv e  a good model f o r  some 
b a c t e r i a l  DNAs, t h e s e  were l a t e r  found  t o  be i n  e r r o r  (H. Subak- 
S h a rp e ,  p e r s o n a l  communicat ion)  and  t h e r e  a r e  no s a t i s f a c t o r y  models 
o f  b a c t e r i a l  DNA p a t t e r n s  b a s e d  on t h i s  a p p ro a c h .  The b a s i c  
a s su m p t io n  o f  t h i s  method i s  t h a t  i t  t a k e s  sequences  t o  be random 
e x c e p t  f o r  s p e c i a l  c o n s t r a i n t s .  A no th e r  ap p roach  i s  t o  s t a r t  w i th  
t h e  r e l a t i v e  amounts o f  d i f f e r e n t  codons u se d  by t h e  DNA and 
c a l c u l a t e  a n e a r e s t - n e i g h b o u r  p a t t e r n  from t h e s e .  The o n l y  way t o  
o b t a i n  such a codon s e t  a t  p r e s e n t  i s  from t h e  amino a c i d  
c o m p o s i t i o n s  o f  p r o t e i n s .  King & Ju k e s  ( 1969) have  com pi led  a s e t  
o f  r e l a t i v e  f r e q u e n c i e s  o f  amino a c i d s  i n  v e r t e b r a t e  p r o t e i n s ,  b a s e d  
on t h e  known c o m p o s i t i o n s  o f  53 p r o t e i n s .  I n s u f f i c i e n t  d a t a  f o r  
b a c t e r i a l  p r o t e i n s  i s  a v a i l a b l e  t o  a l l o w  a s i m i l a r  a p p ro a c h  i n  t h i s  
c a s e .  An a l t e r n a t i v e  s o u rc e  o f  d a t a  i s  amino a c i d  c o m p o s i t io n  
d e t e r m i n a t i o n s  p e r fo rm e d  on b u lk  b a c t e r i a l  p r o t e i n  (Sueoka ,  I 96 I ;  
F i t c h ,  1964 ) .  These v a l u e s  r e p r e s e n t  w e igh t  a v e r a g e s  o f  t h e  amino 
a c i d  c o m p o s i t i o n s  o f  t h e  p r o t e i n s  i n  t h e  c e l l .  However, r e s u l t s  
were c o n s t a n t  u n d e r  d i f f e r e n t  g row th  c o n d i t i o n s ,  which i s  some 
i n d i c a t i o n  t h a t  t h e y  a p p ro x im a te  t h e  r e q u i r e d  number a v e r a g e .  The 
s e t s  o f  amino a c i d  f r e q u e n c i e s  o b t a i n e d  by t h e s e  methods a r e  shown
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i n  T ab le  14*
Some work on model n e a r e s t - n e i g h b o u r  p a t t e r n s  u s i n g  t h e s e  d a ta  
h as  been p u b l i s h e d  by Woese ( 1967 ) .  These r e s u l t s  were u sed  t o  
d e o m o n s t r a te  t h a t  t h e  amino a c i d  co m p o s i t io n s  o f  p r o t e i n s  i n  
o rgan ism s  w i th  ex trem e  (O + C) c o n t e n t s  a r e  c o n s i s t e n t  w i t h  th e  
known g e n e t i c  co d e .  ' By t h i s  method Woese ( 1967) showed t h a t  t h e  
n e a r e s t - n e i g h b o u r  p a t t e r n  f o r  Jh.îidsp^eikj^qu^^ DNA c o u ld  be c l o s e l y  
a p p ro x im a te d  by a model p a t t e r n .
I t  h a s  now p roved  p o s s i b l e  t o  employ an even s i m p le r  a p p roach  
w i t h  DNAs o f  i n t e r m e d i a t e  (G + C) c o n t e n t ,  E . c o l i  DNA, w i t h  a 
(G + G) c o n te n t  o f  50?' »^ was chosen  f o r  m o d e l - b u i l d i n g .  I t  was 
assumed t h a t  a l l  codons f o r  a g i v e n  amino a c i d  were u s e d  i n  e q u a l  
amounts .  S ince  t h e  a v a i l a b l e  d a ta  d id  n o t  d i s t i n g u i s h  between 
g l u t a m ic  a c i d  and g l u t a m i n e ,  and between a s p a r t i c  a c i d  and 
a s p a r a g i n e ,  i t  was assumed t h a t  b o t h  members o f  e ach  p a i r  o c c u r r e d  
w i t h  e q u a l  f r e q u e n c y .  The f r e q u e n c i e s  o f  i n t r a c o d o n  d i n u c l e o t i d e s  
were c a l c u l a t e d  on t h i s  b a s i s  and t h e  f i n a l  n e a r e s t - n e i g h b o u r  
p a t t e r n  f o r  t h e  model mRNA v/as o b t a i n e d  by a l l o w in g  f o r  th e  
f r e q u e n c i e s  o f  i n t e r c o d o n  d i n u c l e o t i d e s ,  e s t im a t e d  a s  t h e  p r o d u c t s  
o f  t h e  b ase  f r e q u e n c i e s  f o r  t h e  t h i r d  and f i r s t  p o s i t i o n s  i n  codons.  
T h is  assumed t h a t  no c o n s t r a i n t s  e x i s t e d  on t h e  o r d e r i n g  o f  codons.  
The n e a r e s t - n e i g h b o u r  p a t t e r n  f o r  a d o u b l e - s t r a n d e d  v e r s i o n  o f  t h i s  
model i s  i l l u s t r a t e d  i n  F i g , 15 a s  Model I ,  The p a t t e r n  o b t a i n e d  i s  
q u a l i t a t i v e l y  s i m i l a r  t o  t h a t  d e te rm in e d  e x p e r i m e n t a l l y  f o r  E . c o l i
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MA, One m ajo r  d i s c r e p a n c y  i s  t h e  r e l a t i v e l y  h i g h  ApO/CpT c o n te n t  
o f  t h e  model. Ib  i s  i n t e r e s t i n g  t h a t  W eig e r t  ob ^ 1 .  ( 1966 ) fo un d ,  
by g e n e t i c  m ethods ,  t h a t  i n  E . c o l i  t h e  codons AAA and GAA a r e  
p r e f e r r e d  t o  t h e i r  r e s p e c t i v e  synonyms AAG and GAG, I n c o r p o r a t i o n  
o f  such  a p r e f e r e n c e  i n t o  t h e  model would c e r t a i n l y  lower  t h e  ApG/
GpT f r e q u e n c i e s .  The n e a r e s t - n e i g h b o u r  p a t t e r n  f o r  such  a 
m o d i f i e d  model i s  shown i n  P i g , 15 a s  Model IX, S in c e  t h e  a v a i l a b l e  
amino a c i d  f r e q u e n c y  d a ta  d id  n o t  d i s t i n g u i s h  between g l u t a m ic  a c i d  
(codons  GAG and GAA) and g lu ta m in e  (codons GAG and GAA), t h e  u se  of  
GAG vms banned i n  t h i s  model ,  a s  w e l l  a s  GAG and AAG. T h is  £d  hoc 
e l a b o r a t i o n  o f  one a s p e c t  p r o b a b l y  o v e r - e x t e n d s  t h e  model*
I t  i s  c o n s i d e r e d  t h a t ,  i n  view o f  t h e  c r u d i t y  o f  t h e  a v a i l a b l e  
d a t a  and t h e  s i m p l i c i t y  o f  t h e  a s s u m p t io n s ,  t h e s e  models f o r  E . c o l i  
MA g iv e  r e m a r k a b ly  c l o s e  a p p ro x im a t io n s  t o  t h e  e x p e r i m e n t a l l y  
d e te rm in e d  n e a r e s t - n e i g h b o u r  p a t t e r n s ,  and i n d i c a t e  t h a t  such  a b a s i s  
f o r  t h e  n e a r e s t - n e i g h b o u r  p a t t e r n ’s d e t e r m i n a t i o n  i s  a d e q u a te  f o r  
t h i s  MA,
These B , c o l i  MA models gave (G + C) c o n t e n t s  o f  4 ^ /  and  46^ .  
r e a s o n a b l y  c lo s e  t o  t h e  ^O fo (G + C) v a lu e  found i n  p r a c t i c e .  
N e a r e s t - n e i g h b o u r  p a t t e r n s  s i m i l a r  t o  t h a t  o f  E . c o l i ,  a s  judged  by 
t h e i r  d e v i a t i o n  h i s t o g r a m s ,  a r e  found i n  DNAs w i t h  (G + G) c o n t e n t s  
r a n g i n g  from 34^ t o  57/^* Tvm DNAs i n  t h i s  c l a s s  Iiave s i m i l a r '  
s p e c i f i c  f r e q u e n c i e s  f o r  c o r r e s p o n d i n g  d o u b l e t s  i . e .  t o  t r a n s f o r m  
one s e t  o f  f r e q u e n c i e s  t o  t h e  o t h e r ,  a l l  d o u b le t  a b s o l u t e  f r e q u e n c i e s
a r e  changed i n  p r o p o r t i o n  t o  t h e  o v e r a l l  base  change.
These o b s e r v a t i o n s  can be  r a t i o n a l i s e d  q u i t e  s im p ly ,  a s  f o l l o w s .  
Eîunpose t h a t  a DNA o f  E . c o l i  p a t t e r n  i s  descended  from a DNA of  
(G + C) c o n te n t  4 5 - 4 8 / ,  a l s o  h a v in g  t h i s  p a t t e r n .  The b ase  
c o m p o s i t io n  o f  t h e  e v o lv i n g  DNA th en  changes ove r  a p e r i o d  o f  t im e :  
t h i s  co u ld  be f o r  a v a r i e t y  of  r e a s o n s .  I t  i s  supposed  t h a t  t h i s  
b a se  c o m p o s i t io n  change i s  a p p l i e d  u n i f o r m ly  over  a l l  codons,  so t h a t  
a s  t h e  (G + C) c o n te n t  c h an ges ,  t h e  codon s e t  o f  t h e  DNA a l s o  changes .  
However, a s  long  a s  t h e  new codon s e t  a r r i v e d  a t  i n  t h i s  way a l lo w s  
t h e  f o r m a t io n  o f  a d e q u a t e l y  f u n c t i o n a l  p r o t e i n s ,  t h e r e  sh o u ld  be no 
p r e s s u r e  t o  change t h e  r e l a t i v e  f r e q u e n c i e s  o f  t h e  c o d o n s - in  t h i s  
new s e t  i . e .  t n e  s p e c i f i c  f r e q u e n c i e s  o f  t h e  d o u b l e t s  i n  t h e  
codons sh o u ld  a l s o  rem ain  c o n s t a n t  and t h e  DNA shou ld  t h u s  s t i l l  
show th e  E . c o l i  p a t t e r n *
I n  t h i s  scheme t h e  d i f f e r e n t  d e v i a t i o n  h i s to g r a m  p a t t e r n s  o b se rv ed  
w i t h  DNAs o f  ex t rem e  (G + C) v a l u e s  t h e n  r e s u l t  from t h e  chang ing  o f  
t h e  codon s e t  away from t h a t  which would be o b t a i n e d  by u n i fo rm  b a se  
change t o  a g iv e n  (G + C) v a l u e ,  s i n c e  t h i s  l a t t e r  codon s e t  would 
n o t  a l lo w  t h e  p r o p e r  f u n c t i o n i n g  o f  p r o t e i n s .  I n  o t h e r  words ,  a s  
t h e  b ase  c o m p o s i t io n  becomes ex t rem e ,  b ase  changes can no lo n g e r  
o c cu r  w i t h  e q u a l  f r e q u e n c y  a t  a l l  codon s i t e s .
T h is  i d e a  o f  a n e a r e s t - n e i g h b o u r  p a t t e r n  b e in g  d e te rm in e d  by 
codon usage  sh o u ld  a l s o  a cc o u n t  a d e q u a t e l y  f o r  t h e  p a t t e r n s  found  f o r
A . n i d u l a n s  and D .m e la n o g a s te r  DNAs, and a l s o  f o r  t h e  a d e n o v i r u s  
DNAs. As d i s c u s s e d  e a r l i e r ,  a l l  t h e s e  DNAs have i n t e r m e d i a t e  (G + C)
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c o n t e n t s  w i t h  d o u b le t  p a t t e r n s  which a r e  c lo s e  t o  random and 
s i m i l a r  t o  th e  g . c p l j .  p a t t e r n  i n  many r e s p e c t s .
Models f o r  v e r t e b r a t e  MA were made u s i n g  t h e  d a t a  o f  King &
J u k e s  ( 1969) (T ab le  I 4 ) and t h e  a s su m p t io n s  made f o r  t h e  f i r s t  
E . c o l i  model .  As shown i n  F i g . l 6  (Model I I I ) ,  a l l o w i n g  a l l  codons 
t o  be r e p r e s e n t e d  g i v e s  a p a t t e r n  q u i t e  d i s t i n c t  from t h e  v e r t e b r a t e  
p a t t e r n .  Banning t h e  CGN a r g i n i n e  codons g i v e s  l i t t l e  improvement 
(Model IV ) ,  However, i f  a l l  CpG c o n t a i n i n g  codons a r e  banned ,  b u t  
CpG i s  s t i l l  a l lo w e d  a s  an i n t r a c o d o n  d i n u c l e o t i d e ,  q u i t e  good 
d u p l i c a t i o n  o f  t h e  v e r t e b r a t e  p a t t e r n  i s  o b t a i n e d  (Model V ) , a l t h o u g h  
t h e  GpG l e v e l  i s  s t i l l  r a t h e r  h i g h .  The p a t t e r n  o b t a i n e d  by 
Subak-Sharpe  _et^  £ l .  ( 1966 ) by f o r b i d d i n g  s to p  codons and CpG c o n t a i n i n g  
codons i n  a random sequence  MA i s  a l s o  shown i n  F i g , l 6 .  These 
models o f  v e r t e b r a t e  MA a r e  b a s e d  on th e  a ssu m p t io n  t h a t  most o f  
t h e  DNA s p e c i f i e s  p r o t e i n .  As d i s c u s s e d  e a r l i e r ,  t h i a  p r o b a b ly  i s  
a p p l i c a b l e  t o  b a c t e r i a l  and v i r u s  DNAs b u t  may n o t  be t o  v e r t e b r a t e  
DNAs. T h e r e f o r e ,  a l t h o u g h  t h e s e  methods o f  model c o n s t r u c t i o n  g i v e  
r e a s o n a b l e  agreem ent  w i t h  t h e  e x p e r i m e n t a l l y  o b s e rv e d  p a t t e r n ,  i t  
s h o u ld  n o t  be c o n c lu d ed  t h a t  t h e  p a t t e r n  n e c e s s a r i l y  a r i s e s  from t h i s  
p a r t i c u l a r  ty p e  o f  GpG r e s t r i c t i o n .  V/hat t h e s e  models do i n d i c a t e  
i s , t h a t  t h e  r e s t r i c t i o n  o f  t h e  CpG sequences  i s  a p redom inan t  f a c t o r  
i n  d e t e r m i n i n g  t h e  o v e r a l l  n e a r e s t - n e i g h b o u r  p a t t e r n  i n  v e r t e b r a t e  
t y p e  DNAs.
P i g . 17 8ho va t h e  s i n g l e - s t r a n d  v e r s i o n  o f  Model Y and compares 
i t  w i t h  p a t t e r n s  f o r  t h e  two s t r a n d s  o f  MYM DNA, I t  i s  e v i d e n t  t h a t ,
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i f  MVM DNA i s  r e a l l y  a s i n g l e - s t r a n d e d  v e r s i o n  o f  t h e  v e r t e b r a t e  
t y p e ,  t h e n  t h e  model b u i l d i n g  i s  n o t  good enough t o  p r e d i c t  
a c c u r a t e l y  f r e q u e n c i e s  f o r  s i n g l e - s t r a n d e d  DNA.
A l l  t h e  model sys tem s d i s c u s s e d  above p r e d i c t  h ig h  A c o n t e n t s  ■ 
f o r  t h e  mRNA8 (T a b le  15)» As n o t e d  i n  S e c t i o n  3.1*4» t h i s  i s  
a l s o  a c h a r a c t e r i s t i c  o f  t h e  ( - )  s t r a n d s  f o r  s i n g l e - s t r a n d e d  DNA 
v i r u s e s .  However, i n  t h e  c a s e  o f  t h e  b a c t e r i a l  v i r u s e s  o f  t h i s  
t y p e ,  i t  a p p e a r s  t h a t  t h a t  v i r a l  mRNA i s  e q u i v a l e n t  t o  t h e  (+) 
s t r a n d  o f  t h e  DNA ( e . g .  H a y a s h i ,  Hayash i  & Sp iege lm an ,  1953) .
N o th in g  i s  known a bou t  t h e  mRNA o f  p a r v o v i r u s e s .  T ab le  15 a l s o  
shows two c o n f l i c t i n g  v a l u e s ,  from t h e  l i t e r a t u r e ,  f o r  t h e  base  
c o m p o s i t io n  o f  mammalian RNA f r a c t i o n s  b e l i e v e d  t o  be mRNA. These 
a r e  n o t  c o n s i s t e n t  and i t  i s  t h e r e f o r e  n o t  p o s s i b l e  t o  u se  such  
d a t a  t o  t e s t  t h e  m o d e ls .
King & J u k e s  ( 1 9 5 9 ) ,  u s i n g  t h e  d a ta  shown i n  T ab le  14 f o r  th e  
amino a c i d  c o n t e n t s  o f  v e r t e b r a t e  p r o t e i n s ,  c a l c u l a t e d  t h e  e x p e c te d  
b a se  c o m p o s i t io n  o f  mRNA f o r  t h e s e  p r o t e i n s ,  on a b a s i s  s i m i l a r  t o  
t h a t  u se d  above .  They t h e n  c a l c u l a t e d  t h e  e x p e c te d  f r e q u e n c y  o f  
o c c u r r e n c e  o f  codons f o r  each  amino a c i d  i n  a random sequence  c h a in  
o f  t h e  b a se  c o m p o s i t io n  p r e v i o u s l y  e s t i m a t e d .  The o b s e r v e d  f r e q u e n c y  
o f  each  amino a c i d  was t h e n  p l o t t e d  a g a i n s t  t h i s  e s t i m a t e d  f r e q u e n c y ,  
a s  shown i n  F i g , 18, The p o i n t s  a r e  c l u s t e r e d  a round  t h e  l i n e  o f
u n i t  s l o p e  t h r o u g h  t h e  o r i g i n ;  t h i s  was i n t e r p r e t e d  a s  e v id e n ce  f o r  
t h e  e x i s t e n c e  o f  non -D arw in ian  e v o l u t i o n a r y  t r e n d s .  However, t h e  
p o i n t  o f  i n t e r e s t  t o  t h e  p r e s e n t  d i s c u s s i o n  i s  t h e  anomalous b e h a v io u r
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o f  a r g i n i n e  i n  t h i s  p l o t :  t h e  o b se rv e d  f re q u e n c y  i s  much l o v e r  th a n
t h e  random p r e d i c t i o n .  T h is  low a r g i n i n e  f r e q u e n c y  was c o r r e l a t e d  
w i t h  t h e  low GpG f r e q u e n c y  i n  v e r t e b r a t e  DNA, and i t  was s u g g e s t e d  
t h a t  p e rh a p s  ’’t h e  amount o f  a r g i n i n e  t h a t  can be t o l e r a t e d  i n  
a n im a l  p r o t e i n s  i s  l e s s  t h a n  t h e  amount which would r e s u l t  from t h e  
o c c u r r e n c e  o f  a l l  s i x  a r g i n i n e  codons a t  a random r a t e ,  so t h a t  t h e  
GpG c o n te n t  o f  an im a l  DNA has  been  lowered  by n a t u r a l  s e l e c t i o n ”
(King & J u k e s ,  I 969 )* I f  t h i s  argument  were v a l i d  i t  would have 
p ro fo u n d  i m p l i c a t i o n s  f o r  i d e a s  on t h e  o r i g i n  and f u n c t i o n  o f  t h e  
GpG s h o r t a g e .
However, t h e r e  a r e  two o b j e c t i o n s  t o  t h i s  v i e w p o i n t . -  F i r s t ,  as  
shown by Model IV f o r  v e r t e b r a t e  DNA, t h e  bann ing  o f  GpG c o n t a i n i n g  
codons f o r  a r g i n i n e  does n o t  n e c e s s i t a t e  a v e ry  lov/ GpG f r e q u e n c y .  
Second, i t  can be shown t h a t  i n  b a c t e r i a ,  whose DNAs do n o t  have low 
GpG f r e q u e n c i e s ,  a r g i n i n e  a l s o  o c c u r s  a t  low l e v e l s .  For  i n s t a n c e ,  
B . s u b t i l i s  has  abou t  t h e  same (G + C) c o n te n t  a s  mammalian DNA b u t  
does n o t  show a CpG s h o r t a g e .  U s ing  th e  r e l e v a n t  d a t a  o f  T a b le  I 4 » 
a c a l c u l a t i o n  s i m i l a r  t o  t h a t  o f  King & Jukes  ( 1969 ) was made f o r
B . s u b t i l l s  DNA. I t  can  be s e en  ( F i g .  18) t h a t  i n  t h i s  c a se  a l s o  t h e  
o b se rv e d  a r g i n i n e  f r e q u e n c y  i s  c o n s p i c u o u s ly  lower than ,  p r e d i c t e d .  
I n s p e c t i o n  o f  t h e  d a ta  i n  T ab le  14 i n d i c a t e s  a s i m r l a r  s i t u a t i o n  w i t h  
o t h e r  b a c t e r i a .  A low GpG f r e q u e n c y  c a n n o t ,  t h e r e f o r e ,  be r e g a r d e d  
as  a n e c e s s a r y  c o n c o m ita n t  o f  a low a r g i n i n e  f r e q u e n c y .
I n  summary, t h i s  s e c t i o n  h as  shown, f i r s t ,  t h a t  t h e  n e a r e s t -  
n e ig h b o u r  p a t t e r n s  o f  DNAs w i t h  n e a r - ran do m  d o u b le t  f r e q u e n c i e s  can
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be q u i t e  w e l l  a c c o u n te d  f o r  i n  t e rm s  o f  t h e  codons u se d  i n  t h e  DNA. 
N e x t ,  models f o r  v e r t e b r a t e  DNA showed t h a t  th e  CpG s h o r t a g e  p l a y s  
a l a r g e  p a r t  i n  t h e  d e t e r m i n a t i o n  o f  t h e  t o t a l  n e a r e s t - n e i g h b o u r  
p a t t e r n .  L a s t ,  i t  was shown t h a t  t h e r e  i s  no r e a l  evi.dence f o r  t h e  
GpG s h o r t a g e  i n  v e r t e b r a t e  o r  an im a l  v i r u s  DNAs b e in g  c o r r e l a t e d  
e x c l u s i v e l y  w i t h  low a r g i n i n e  l e v e l s  i n  t h e  p r o t e i n s  s p e c i f i e d *
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1—1
XC+G) o f  
MA f l $5 42 42 50 58 72
Ala 10.1 -X- 9 .0 7*4 10.6 11.2 15 , 0
Arg 4 . 3 , 4 . 3 4 .2 5 .4 4 . 8 5 , 4
Asn
Asp }  9 .8 } 1 0 . 3
4 ,4
5 .9 I 10.4 } l % 3 } ’ • 1
Gys 0 .3 0 .2 3 .3 0 ,4 0 .4
Gin
Glu ^ } l2 .4 } i l . 9
3o7
5 .8 1 1 1  .1 y - i o . ' j 3-12. 6
Gly 9 .6 8 .7 7 .4 8 .6 9 .0 11 , 2
His 2.1 2 ,4 2 ,9 2.1 1 .8 • 1 . 7
l i e 6 ,8 5 .8 3 .8 5 ,4 4 . 5 3 , 9
Leu 8*8 8*5 7 .6 8 .8 8 . 9 8. 5
Lys 9 .7 7»5 7 ,2 6 .4 5 .7 4 , 5
Met 1 .9 2 .2 1 .8 2 .9 3 ,6 0. 8
Fhe 3 ,8 3 .9 4 . 0 3.5 3 .8 2. 4
Pro 3,7 4 .6 5 ,0 4.1 3 . 8 4- 7
Ser 4 , J 4 ,7 8,1 4 .6 5.1 4 , 0
Thr 5 ,7 5 ,5 6*2 5 ,7 5,1 5 , 9
Trp - 1.3 " -
Tyr 3 .0 2*8 3,3 2 ,8 3 .2 1 04
Tal 7 .7 7 .7 6 . 8 7 ,2 7 ,2 8. 5
Percentage of total amino acids in protein*
Based on tables in Woese (^96?) and King & Jidces (1 9 6 9)
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T'ABLG 15 o BASE COMPOSITIONS OP mHNAs
E, c o l i
Models 
I  I I
V e r t e b r a t e
Models 
I I I  IV V
E x p e r im e n ta l  
E c s u l t s  f o r  
V e r t e b r a t e s  
A B
A
U
G
C
29.1  30.9  
22 .9  22 .9  
26 .5  24 .5
21 .2  21 .2
27 .9  29.1  29 .9  
22 .6  22 . 4  22 .9  
26 .4  26 .6  24 .8  
23 .2  2 2 .0  22.5
31 .0  26
19 .9  28 
2 2 .8  21 
25 .4  24
* P e r c e n t a g e  o f  t o t a l  b a s e s .  
E x p é r im e n ta l  r e s u l t s  f o r  v e r t e b r a t e s ; -  
A ; Henshaw ( I 968 ) .
B ; D a r n e l l  ( I 968 ) .
cFlGLii: T : ; E E , COLI DNA NEANEST-NEIGHBOUR PITTENN
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Observed m t t e r n ,  
(G-KG) 50K
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G
"20
jrx.
□ [ = t j =
m  aczzziL_Lc3 Model I  (G-: G) 48ÿc
+20
0
"20
_I3. 1---- ]
m
IZ U D Model I I  (G-hC) 46^
3F r e q u e n c ie s  a r e  a s  p a r t s  p e r  10 d e v i a t i o n  from random 
e x p e c t a t i o n .  The d a t a  f o r  t h e  o b se rv e d  j l ,  c o l i  .DMA p a t t e r n  
a r e  from J o s s e  £ t  a l . (1 9 6 1 ) ,  and th e  f r e q u e n c i e s  o f  
complementary  d i n u c l e o t i d e s  have been  a v e r a g e d .
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F r e q u e n c i e s  a r e  a s  p a r t s  p e r  1 0  d e v i a t i o n  f r o m  r a n d o m .
Frequencies o.C complementary dinnoleotides arc averaged,
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-40
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0
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p ,p ,n .c \ . r :  p .n .p -. C'<-:E^ LX+ o
c!:o o  O
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ü ^ “ t ;
□
R .
. d l l
V e r t e b r a t e  0!1A ; Model V 
nril'iA. v e r s i o n ,  '
MVM ( " )  s t r a n d  MA ; 
e x p e r i m e n t a l  r e s u l t s
JO D .0
20
r-OVO (+) s t r a n d  DMA : 
c a l c u l a t e d  from r e s u l t s  
f o r  ( - )  s t r a n d *
F r e q u e n c i e s  a r e  a s  p a r t s  p e r  10' d e v i a t i o n  f rom random.
FI'
If 1*»*V « « r -
6 .  AFIFC GIF CO:": ICF'OIAFF Aim FACTORIAL F ,TIJS
f - V  ,aa 4 r  r- 'M
— J .
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\ffll o /
e.ty/
» Fro
O
6 1042 8
Vert  e b r a t  e fj î from 
King c5: Juk:es (196 9)
C a l c u l a t e d  f r e q u e n c y  ('; )
n
I<uU44
C^i(D
&<UCOrOO
10
8
6
2
2 4 6 108
Calculated frequency (o)
B ac i i : iu s  a u b t i l i c
The o b se rv e d  f r e q u e n c y  o f  o c c u r r e n c e  o f . e a c h  amino a c i d  i n  
n r o t o i n s  o f  the orga.nicr.i i s  e x n r e s s c d  a s  a. porcentn,gG o f  t h e  t o t a l  
amiino a c i d s  in  p r o t e i n s ,  and i s  p l o t t e d  a g a i n s t  t h e  f r e q u e n c y  
n r e d i c t c d  from a  random sequence  nrf-.A modela
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4 J  DEFINITION OF THE PROBLEM AND EXPERIMENTAL APPROACHES
4 I? 1 o 1 Int-i/OdUOtlOri »eoa9**o*oa*o»oi**a*a«*a#(i*ea*«*##*ooae*1 2^
4 1* 1 #2 G e n e r a l  P l a n s  o i  A t t a o l c 2 6  
4 * 1 . 3  P y r i m i d i n e  R u n  E x p e r i m e n t s 1 2 9  
4 * 1 * 4  BNA D i g e s t i o n  E x p e r i m e n t s * * , , . * * * * * , @ 1 3 1
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4 , 4 * 1  T h e  I m m e d i a t e  N e i g h h o u r s  o f  GpG S e q u e n c e s , , ,  » , * ,  * * . I ’/Q
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4 , 1 ,  DEFINITION OF THE PROBLElî AND EXPERIMENTAL APPROACHES 
4 , 1 ,1  I n t r o d u c t i o n
As d i s c u s s e d  i n  S e c t i o n s  1 ,2  and 3 , 6 ,  v e r t e b r a t e  DNAg and 
t h e  n u c l e i c  a c i d s  o f  s m a l l ,  an im a l  v i r u s e s  c o n ta in  v e ry  low l e v e l s  
o f  t h e  d i n u c l e o t i d e  GpG, Work d e s c r i b e d  i n  S e c t i o n  3 ,1  showed 
t h a t  t h i s  low CpG l e v e l  i s  a l s o  found  i n  s i n g l e - s t r a n d e d  p a r v o v i r u s  
DNAs, A l th ou g h  models  p r e s e n t e d  i n  S e c t i o n  3 ,6  gave  some 
c o r r e l a t i o n s  between t h e  CpG- l e v e l s  and o t h e r  f e a t u r e s  o f  t h e  
n e a r e s t - n e i g h b o u r  p a t t e r n s ,  t h e s e  models gave no i n d i c a t i o n  o f  w ^  
t h e  CpG f r e q u e n c y  sh o u ld  be low, A s u g g e s t i o n  by  King & Juices 
( 1969 ) t h a t  t h e  low GpG l e v e l  m ight  be c l o s e l y  r e l a t e d  t o . l o w  a r g i n i n e  
l e v e l s  i n  v e r t e b r a t e  p r o t e i n s  was d i s c o u n t e d .  I t  i s  known t h a t  i n  
mammalian DNA t h e  C i n  GpG seq uences  i s  m e th y la t e d  w h i l e  C i n  o t h e r  
seq uen c es  i s  n o t  ( D o s k o c i l  & Sorm, I 962 ) ,  The r e c o g n i t i o n  s i t e s  on 
t h e  DNA f o r  m e t h y l a t i n g  enzymes most p r o b a b l y ,  t h e r e f o r e ,  c o n t a i n  t h e  
CpG d o u b l e t .  However, t h e  GpG sequ en ces  o f  polyoma v i r u s  a r e  n o t  
m e t h y l a t e d  ^ n  (Kaye & V/inocour, I 967 ) ,  bu t  t h i s  may be due t o
some a s p e c t  o f  t h e  v i r u s  f u n c t i o n  i n  t h e  i n f e c t e d  c e l l ,  r a t h e r  t h a n  
ito t h e  absence  o f  p o t e n t i a l  m é t h y l a t i o n  se q u e n c e s .
I t  i s  c o n c e iv a b le  t h a t  GpG seq uences  may p l a y  some r o l e  i n  
c o n t r o l  o f  e x p r e s s i o n  o f  g e n e s .  P o s s i b l y ,  t h e  GpG se q u en c es  might 
o c c u r  w i t h i n  o n ly  one o r  a few t y p e s  o f  l o n g e r  s e q u e n c e j  t h e  CpG 
s h o r t a g e  co u ld  be th e  o n ly  c l e a r  s i g n  o f  such sequence  s p e c i f i c i t y  
d e t e c t a b l e  by n e a r e s t - n e i g h b o u r  a n a l y s e s .  I t  can be c a l c u l a t e d  
t h a t  on one s t r a n d  o f  polyoma DNA, which s p e c i f i e s  a t  most t e nw i II j j i j  mm V  f X
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p r o t e i n s ,  t h e r e  a r e  a b o u t  80-90  CpG d i n u c l e o t i d e s  i . e .  t h e r e  a r e  
p e rh a p s  8 CpG se q u en ces  p e r  s t r a n d  p e r  gene .  Tliis a p p e a r s  t o  be 
r a t h e r  a h i g h  number f o r  t h e  sequences  to  have a d i r e c t  and u n iq u e  
r o l e  i n ,  f o r  i n s t a n c e ,  s t a r t  o r  s t o p  s i g n a l s  f o r  t r a n s c r i p t i o n  or 
t r a n s l a t i o n ,  u n l e s s  s e v e r a l  GpG sequences  i n  tandem were i n v o lv e d .
4 * 1 . 2  G e n e ra l  P l a n s  o f  A t t a c k
To s tu d y  t h e  low GpG phenomenon f u r t h e r ,  a t t e m p t s  were made t o  
d e f i n e  t h e  l o n g e r  se q u en c es  w i t h i n  which th e  GpG se q u en ces  o c c u r r e d .  
T h is  was a d i f f i c u l t  p roblem t o  app ro ach  e x p e r i m e n t a l l y ,  s i n c e  i t  
demanded t h e  c h a r a c t e r i s a t i o n  o f  a few p a r t i c u l a r  k i n d s  o f  sequences  
o u t  o f  a l a r g o  number.  F u r t h e r ,  becau se  o f  th e  lov; l e v e l s  o f  GpG, 
i t  was e x p e c te d  t h a t  t h e  s e q u e n c e s  o f  i n t e r e s t  would be p r e s e n t  a s  
o n ly  a sm a l l  p r o p o r t i o n  o f  t h e  t o t a l , '
I f  a l l  t e t r a n u c l e o t i d e s  o f  t h e  form X-C-G-Y, where X and Y 
a r e  A,T,G o r  G, were p r e s e n t  i n  e q u a l  amounts i n  v e r t e b r a t e  p a t t e r n  
DNA, t h e n  each  s p e c i e s  would c o n t a i n  0 .3  -  0 . 4 ^  o f  a d j  t h e  b a s e s  i n  
t h e  DNA. S ince  i t  seemed p o s s i b l e  t h a t  one o r  a few o f  t h e  p o s s i b l e  
se q u en c es  might  be p r e f e r r e d ,  w h i l e  o t h e r s  were a b s e n t  o r  p r e s e n t  i n  
much lower amounts ,  i t  was c o n s i d e r e d  d e s i r a b l e  t o  have  an 
a n a l y t i c a l  method c a p a b le  o f  d e t e c t i n g  t e t r a n u c l e o t i d e s ,  o r  t h e i r  
d e r i v a t i v e s ,  c o n t a i n i n g  p e rh a p s  l e s s  t h a n  01^ o f  t h e  b a s e s  i n  t h e  
DNA u n d e r  s tu d y .
One a p p ro a c h  t o  t h e  problem would be t o  make p a r t i a l  n u c l e a s e
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d i g e s t s  o f  t h e  DNA u n d e r  s tu d y  and th e n  f r a c t i o n a t e  and i d e n t i f y  
n u c l e o t i d e s  c o n t a i n i n g  GpG seq u en ces  (o r  MeCpG s e q u e n c e s ) .  T h is  
a p p ro a ch  d id  n o t  seem t o  o f f e r  t h e  r e s o l v i n g  power r e q u i r e d .
A n o th e r  a p p ro a c h  would be t o  e q u a te  t h e  p re s e n c e  o f  ^ - m e th y l c y to s in e  
w i t h  t h e  p r e s e n c e  o f  t h e  GpG se q u en c e ,  and examine t h e  d i s t r i b u t i o n  
o f  5 "R ie th y lcy to s in e  i n  f r a c t i o n s  o f  DNA, Some work o f  t h i s  ty p e  
h as  been  r e p o r t e d  by D o sk o c i l  & Sorm ( 1962) ,  who con c lu d ed  t h a t  t h e  
5 -m e th y T c y to s in e  c o u ld  o c cu r  i n  sequences  o f  t h e  t y p e s  Pu-MeC-G, 
C-MeG«G and T-KeC-G i n  doub le  s t r a n d e d  DNA,
The g e n e r a l  a p p ro a c h  f i n a l l y  a d o p te d  was a s  f o l l o w s .  F i r s t ,  
a lov/ CpG DNA was u s e d  a s  a  t e m p l a t e  f o r  a po lym erase  i n  v i t r o
*  X  ^  C /  « . «  . . f a #  ^
t o  p roduce  a r a d i o a c t i v e l y  l a b e l l e d  copy. I n  p a r t i c u l a r ,  much 
u se  was made o f  l a b e l l i n g  w i th  a s p e c i f i c  ^^p^J7-nucleoaide  
t r i p h o s p h a t e .  S p e c i f i c  d e g r a d a t i o n  and f r a c t i o n a t i o n  methods were 
t h e n  a p p l i e d  t o  t h e  l a b e l l e d  p r o d u c t  t o  examine v a r i o u s  a s p e c t s  o f  
t h e  s e q u e n c e s .  D e g r a d a t io n  schemes p ro d u c in g  o l i g o n u c l e o t i d e  
s p e c i e s  w i th  3 ’ - p h o s p h a te  g ro up s  a l lo w e d  use  o f  t h e  n e a r e s t - n e i g h b o u r
32a n a l y s i s  t e c h n iq u e  o f  "P t r a n s f e r  between a d j a c e n t  r e s i d u e s .
I n  d o u b l e - s t r a n d e d  DNA, GpG sequences  must be found i n  
complementary  p o s i t i o n s  on b o t h  s t r a n d s .  I t  was c o n s i d e r e d  t h a t  
t h i s  would p r o b a b ly  l e a d  t o  c o m p l i c a t i o n s  i n  i n t e r p r e t a t i o n  o f  th e  
r e s u l t s ,  so t h e  s i n g l e - s t r a n d e d  DNA from th e  p a r v o v i r u s  MM was . 
u s e d  a s  a model f o r  v e r t e b r a t e  DNA, In  t h i s  c a s e  t h e  m a t e r i a l  
p roduced  i n  v i t r o  sh o u ld  c o r r e s p o n d  t o  t h e  ( - )  s t r a n d  o n ly .  The
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u se  o f  MYU DNA a s  a model f o r  v e r t e b r a t e  DNA assumes t h a t , because  
b o t h  e x h i b i t  lov/ GpG f r e q u e n c e s ,  t h e  k in d s  o f  s eq u ences  w i t h i n  
which  GpG i s  found a r e  s i m i l a r  i n  t h e  two DNA t y p e s :  t h i s
a s su m p t io n  may n o t  be v a l i d .  Most e x p e r im e n ts  were t h e r e f o r e  
p e r fo rm ed  i n  p a r a l l e l  on MVM DNA and on c a l f  thymus DNA,
I t  was no t  p o s s i b l e  t o  d e v i s e  a g e n e r a l  scheme t o  examine a l l  
a s p e c t s  o f  s eq u en ces  c o n t a i n i n g  GpG d i n u c l e o t i d e s .  S e v e r a l  
a p p ro a c h e s  were n e c e s s a r y ,  w i th  each  ap p ro a ch  exam in ing  one a s p e c t  
o f  t h e  p rob lem .  B r i e f l y ,  a scheme u s i n g  DNA po lym erase  w i t h
^^P^y-duTP, and  su b s e q u e n t  a c i d  d i g e s t i o n  o f  t h e  p r o d u c t ,  was 
u se d  t o  examine s e q u e n c e s ,  m a in ly  o f  p y r i m i d i n e s ,  t o  t h e  5 ’ - s i d e  
o f  GpG s e q u e n c e s .  P u r i n e  seq u en ces  t o  t h e  5*” Side  o f  CpG were 
examined by  a scheme u s i n g  RNA po lym erase  w i t h  ^^P_7-GTP, and 
d i g e s t i o n  w i t h  p a n c r e a t i c  RNase, N u c l e o t i d e s  t o  t h e  3 ’ - s i d e  o f  
GpG were examined by p ro d u c in g  RNAs jgi v i t r o  l a b e l l e d  w i t h  each  
(A^^P_y«NTP s p e c i e s  i n  t u r n ,  and th e n  d i g e s t i n g  w i t h  and 
RNaseso
I n  t h e  f o l l o w i n g  d e s c r i p t i o n  o f  t h e  methods u s e d  and t h e  
r e s u l t s  o b t a i n e d ,  a l l  d e s c r i p t i o n s  o f  GpG sequences  r e f e r  t o  t h e  
m a t e r i a l  p ro d uced  j u  v i t r o  : t h e  r e l a t i o n s  o f  t h e s e  f i n d i n g s  t o
seq uences  i n  th e  t e m p l a t e  DNAs a r e  t h e n  d i s c u s s e d  i n  S e c t i o n  4*4* 
The r a t i o n a l e s  o f  t h e  d i f f e r e n t  e x p e r i m e n t a l  a p p ro a c h e s  a r e  now 
d i s c u s s e d  i n  t u r n .
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4 , 1 , 3  Pyr  i  ml d in e  Run ibcper i  me n t  s
T rea tm en t  o f  DNA w i t h  d ip h eny lam in e  and fo rm ic  a c i d  removes 
p u r i n e  b a s e s ,  d e g ra d e s  t h e  exposed  d e o x y r ib o s e  r e s i d u e s  t o  which 
t h e  p u r i n e s  were a t t a c h e d ,  and l e a v e s  o l i g o n u c l e o t i d e  s p e c i e s  of  
t h e  g e n e r a l  fo rm ula  i , e ,  p y r im id in e  r u n s  w i t h  b o t h  3 ' -
and  5 ’*"p h o sp h a te  g rou p s  (B ur ton  & P e t e r s e n ,  I 960 )* P h o sp h a te  
g ro u p s  o r i g i n a l l y  found  be tween two p u r in e  n u c l e o s i d e s  a r e  
l i b e r a t e d  as  i n o r g a n i c  p h o s p h a t e .  The r e a c t i o n  has  been  shown 
t o  be s p e c i f i c  and c o m p le te ,  and no exchange o f  components  can be 
d e t e c t e d  (B u r to n  & P e t e r s e n ,  I9 60 ;  J o n e s ,  T i t t e n s o r  & W alker ,  I 966 ) ,  
T h i s  p ro c e d u re  was u se d  a s  t h e  b a s i s  o f  a method t o  examine 
p y r i m i d i n e  seq uen c es  t o  t h e  5*"SidG o f  CpG g ro u p s .
The DNAs u n d e r  s tu d y  ( c a l f  thymus and W M  DNAs) were u se d  as  
t e m p l a t e s  f o r  E . c o l i  DNA po lym erase  t o  p ro d u ce ,  î n  y i / ^ p ,  DNA 
l a b e l l e d  w i t h  ^^P^^-dGTP, The s y n t h e s i s e d  DNA was i s o l a t e d
32and d i g e s t e d  t o  p y r i m i d i n e  r u n s .  Where th e  P was o r i g i n a l l y
%"
i n  seq uences  o f  t h e  t y p e  Pup G i t  sh o u ld  nov/ be found  a s  i n o r g a n i c
32p h o s p h a t e .  I n  t h e  o a se s  where t h e  P o c c u r r e d  i n  se q u en c es  of  
t h e  ty p e  PypG, i t  sh o u ld  now be a t t a c h e d  to  t h e  3 ’ - e n d s  o f  v a r i o u s  
p y r i m i d i n e  ru n  s p e c i e s .  By r e a s o n i n g  s i m i l a r  t o  t h a t  u se d  i n
~i p
n e a r e s t - n e i g h b o u r  a n a l y s i s  ( S e c t i o n  1 , 2 . 2 ) ,  t h e  p r e s e n c e  o f  P on 
t h e  end o f  a g i v e n  p y r i m i d i n e  i s o s t i c h  (Py)^  i n d i c a t e s  t h e  p r e s e n c e  
i n  t h e  DNA c h a in  o f  t h e  sequence  ( ^ y )^  “ G- b e f o r e  d e g r a d a t i o n .  I f  
t h e  m o n o n u c le o t id e s  a t  t h e  3 ’ - e n d s  o f  t h e  v a r i o u s  i s o s t i c h s  can be 
i s o l a t e d  w i t h  t h e  3 ’- p h o s p h a t e s  a t t a c h e d ,  th en  t h e  d i s t r i b u t i o n  o f
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Cp sh o u ld  i n d i c a t e  t h e  k i n d s  o f  sequ ences  which occu r  t o  t h e  
5 ' - s i d e  o f  CpG.
I n  e a r l y  e x p e r i m e n t s ,  t h e  p y r im id in e  runs  were f r a c t i o n a t e d  by
tw o - d im e n s io n a l  p a p e r  ch rom atography .  T h is  i n d i c a t e d  t h a t  t h e  
32P was d i s t r i b u t e d  i n  a  number o f  m o le c u la r  s p e c i e s , b u t  t h e  
s e p a r a t i o n  a c h i e v e d  was n o t  good enough f o r  q u a n t i t a t i v e  
d e t e r m i n a t i o n s .  L a t e r  e x p e r im e n t s  t h e r e f o r e  u sed  a n io n  exchange 
column ch rom atography  t o  f r a c t i o n a t e  t h e  p y r im id in e  r u n s  f i r s t  by 
l e n g t h  ( i . e .  i n t o  i s o s t i c h s )  and t h e n  by base  c o m p o s i t i o n .
The 3 ’“’t e r m i n a l  n u c l e o t i d e s  i n  r u n s  c o n t a i n i n g  b o th  G and T 
were measured a s  f o l l o w s .  A l th o u g h  o l i g o n u c l e o t i d e s  b e a r i n g  b o th  
3 ’“ and 5 ' “* p h o s p h a t e s  a r e  r e s i s t a n t  t o  a t t a c k  by most n u c l e a s e s ,  
t h e y  can be d i g e s t e d  w i t h  l a r g e  amounts  o f  m ic ro o o o ca l  n u c l e a s e  
( t l i k u l s k i ,  SulkoY/:skij S t a s i u k  & Laskowski ,  1969) ,  Mixed 0 and 
T s p e c i e s  were t h e r e f o r e  d i g e s t e d  w i t h  m ic r o c o c c a l  n u c l e a s e ,  and 
t h e n  w i t h  s p l e e n  p h o s p h o d i e s t e r a s e  t o  en su re  p r o d u c t i o n  o f  
m o n o n u c l e o t i d e s 0 The method u se d  t o  s e p a r a t e  t h e  d i g e s t i o n  
p r o d u c t s  d e s e r v e s  some m en t io n .  I t  seemed d e s i r a b l e  t o  have a 
method which would s e p a r a t e  c l e a r l y  any u n d i g e s t e d  m a t e r i a l  from 
dCMP and TMP, which  r u l e s  ou t  low pH e l e c t r o p h o r e s i s .  . A sys tem  
b a se d  on a method d e s c r i b e d  by Jacob so n  ( 1964) was d e v i s e d .  The 
d i g e s t  was s p o t t e d  on t o  DEAE -  p a p e r  which had been  prew ashed  w i th  
f o r m ic  a c i d  and w a te r  and d r i e d .  The paper  was d e v e lop ed  f i r s t  
w i t h  O.O5M -  f o rm ic  a c i d .  T h is  e l u t e s  3 ’-dCMP away from th e
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o r i g i n ;  a l l  o t h e r  p h o s p h o r y l a t e d  s p e c i e s  rem a in  n e a r  t h e  o r i g i n .
The p a p e r  was d r i e d  and t h e n  deve lo ped  i n  t h e  same d i r e c t i o n  w i t h  
Oo2 M-ammonium f o r m a t e ,  which washed I ' -* TMP away from any 
o l i g o n u c l e o t i d e s .  Once t h e  s o l v e n t  f r o n t  r e a c h e s  t h e  dCMP, t h e  
dCîÆP moves a t  a b o u t  t h e  same r a t e  a s  t h e  TMP and t h e  two s p e c i e s  
rem a in  s e p a r a t e d .
F u r t h e r  i n f o r m a t i o n  can be o b t a i n e d  i f  ^"^0^-dCTP i s  
i n c o r p o r a t e d  i n t o  DNA a lo n g  w i t h  dGTP i n  t h i s  t y p e  o f
e x p e r im e n t .  The l a b e l  g i v e s  some i n f o r m a t i o n  abou t
p y r i m i d i n e  ru n  s p e c i e s  o t h e r  t h a n  th o s e  t e r m i n a t e d  a t  t h e  3 ’ -  end 
by G, and a l l o w s  a check  on t h e  i d e n t i t y  o f  f r a c t i o n s  s e p a r a t e d  by 
b a se  c o m p o s i t i o n .  T h is  doub le  l a b e l l i n g  system was u s e d  w i t h  
MVl'I DNA a s  t e m p l a t e ,
4 . 1 .4  RNA D i g e s t i o n  E xp er im en ts
Two g e n e r a l  a p p ro a c h e s  f o r  exam ining  sequences  t o  t h e  3 ’-  s i d e  
o f  CpG d i n u c l e o t i d e s  were c o n s i d e r e d .  F i r s t ,  t h e  same t e c h n iq u e s  
o f  a c i d  d i g e s t i o n  o f  DNA, a s  d e s c r i b e d  above,  c o u ld  be  employed i f  
t h e  two s t r a n d s  o f  a low CpG DNA were f r a c t i o n a t e d  and each  used  
s e p a r a t e l y  a s  a t e m p l a t e .  T h is  a p p ro ach  would examine sequences  
t o  t h e  5*" s i d e  o f  CpG o f  each  s t r a n d :  sequences  t o  t h e  3 ’- s i d e  o f  
CpG on one s t r a n d  cou ld  t h e n  be deduced from th e  r e s u l t s  f o r  t h e  
o t h e r  s t r a n d .  For  t h i s  ap p ro a ch  i t  would be n e c e s s a r y  t o  
f r a c t i o n a t e  t h e  s t r a n d s  o f  a s u i t a b l e , d e f i n e d ,  d o u b l e - s t r a n d e d  DNA, 
such  a s  polyoma DNA o r  SV40  DNA. At t h e  t im e  o f  s t a r t i n g  t h i s
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work, a t t e m p t s  t o  i s o l a t e  s t r a n d s  o f  t h e s e  v i r u s  DNAs, by t e c h n i q u e s
u se d  w i th  b a c t e r i o p h a g e  DNAs, had  p roved  u n s u c c e s s f u l  (L .V ,C raw ford ,
p e r s o n a l  com m u n ica t io n ) .  T h is  ap p roach  was t h e r e f o r e  dependen t
on a t e c h n i c a l  advance  and has  n o t  been p u r su e d .  R e c e n t l y ,
Vfestphal  ( 1970 ) d e s c r i b e d  a method f o r  f r a c t i o n a t i n g  t h e  s t r a n d s
o f  ST40 DNA. Some i m p l i c a t i o n s  o f  V/estphal*s work w i l l  be
d i s c u s s e d  i n  S e c t i o n  4*4*
The f o l l o w i n g  a p p ro a ch  was f i n a l l y  employed. MYM DNA was
u s e d  a s  a t e m p l a t e  f o r  5 . c p l i  RNA polym erase  t o  p roduce  RNA samples
e ach  l a b e l l e d  w i th  one ^^P_J^-NTP s p e c i e s .  T^ RNase d i g e s t i o n
o f  t h e s e  l a b e l l e d  RNAs t h e n  gave a m ix tu r e  o f  o l i g o n u c l e o t i d e s  w i th
3 ’“ GJQ? as  t h e i r  3*-e n d  g ro u p .  The d i g e s t  was t h e n  f r a c t i o n a t e d  by
e l e c t r o p h o r e s i s  on DEAE-paper a t  pH 1 .9  (Sanger  £ t  a l . , I 9 65 ) .  By
t h i s  means th e  d i n u c l e o t i d e  CpGp can be i s o l a t e d  d i r e c t l y .  Any 
32P a t  t h e  3 ’ - e n d  o f  CpGp sh o u ld  t h e n  i n d i c a t e  t h e  p r e s e n c e  i n  t h e  
o r i g i n a l  RNA c h a in  o f  t h e  sequence  G-G-G-N (where N was t h e  
l a b e l l e d  n u c l e o t i d e ) .  I n  a d d i t i o n ,  U RNase was u se d  t o  e x te n d  
t h e  a n a l y s i s .  T h is  enzyme s p e c i f i c a l l y  c l e a v e s  RNA t o  t h e  3 ' - a i d e  
o f  p u r i n e  n u c l e o s i d e  3 ' - p h o s p h a t e s , w i t h  a p r e f e r e n c e  f o r  c le a v a g e  
n e x t  t o  a d e n in e  r e s i d u e s  (Arima e t  ajL., 1968b ) .  from th e
3 ' - e n d  o f  CpGp i s o l a t e d  from a RNase d i g e s t  sh o u ld  i n d i c a t e  t h e  
o c c u r r e n c e  o f  t h e  s p e c i e s  Pu-C-G-N. By s u b t r a c t i o n ,  e s t i m a t e s  
f o r  A-G-G-N sh o u ld  t h e n  be o b t a i n e d .  S ince  o n ly  sm a l l  amounts o f  
Hg RNase were a v a i l a b l e  and s i n c e  t h e  enzyme e x h i b i t s  a p r e f e r e n c e  
f o r  c le a v a g e  n e x t  t o  a d e n in e  r e s i d u e s ,  TT^  RNase d i g e s t s  were  made
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by f i r s t  d i g e s t i n g  w i t h  RNase and th e n  w i th  T'  ^ RNase.
T h is  scheme was in c o m p le te  s i n c e  no i n f o r m a t i o n  on sequences
o f  t h e  ty p e  Py-G-G-N was o b t a i n a b l e .  A lso ,  no i n f o r m a t i o n  abou t
seq u en ces  f u r t h e r  t o  t h e  3 ’ - s i d e  o f  CpG cou ld  be o b t a i n e d .  The
i n t e r p r e t a t i o n  o f  r e s u l t s  depended on th e  a ssum pt ion  t h a t  t h e  RNA
p ro du ced  i n  v i t r o  would c o n t a i n  sequences  s i m i l a r  t o  t h o s e  found
i n  t h e  DNA made u s i n g  DNA p o ly m e rase .  T h is  c o u ld  be checked a t
l e a s t  i n  p a r t  by comparing n e a r e s t - n e i g h b o u r  a n a l y s e s  made w i th
t h e  two s y s te m s .
The p r o d u c t i o n  o f  RNA l a b e l l e d  w i t h  CTP o f f e r e d  t h e
p o s s i b i l i t y  o f  o b t a i n i n g  i n f o r m a t i o n  abou t  t h e  p u r i n e  sequences  t o
t h e  5 ’ “ Side o f  CpGp i . e .  i n f o r m a t i o n  complementary t o  t h a t  g iv e n
by t h e  p y r i m i d i n e  run  e x p e r im e n t s .  RNA l a b e l l e d  v / i th
GTP was d i g e s t e d  w i t h  p a n c r e a t i c  RNase, and t h e  d i g e s t  f r a c t i o n a t e d
i n t o  l e n g t h  c l a s s e s ,  g i v i n g  a s e r i e s  o f  o l i g o n u c l e o t i d e s  o f  g e n e r a l
fo rm u la  (Pup)^Pyp.  A l k a l i n e  h y d r o l y s i s  of  each  l e n g t h  c l a s s ,
s e p a r a t i o n  o f  t h e  r e s u l t i n g  3*“•inononucleotides^ and e s t i m a t i o n  o f  
32t h e  P i n  3*™CMIP i n  e ach  c a se  t h e n  g i v e s  a measure  o f  t h e  o c c u r r e n c e
o f  (Pu) -C-G s p e c i e s ,  n
The o l i g o n u c l e o t i d e s  can be s e p a r a t e d  i n t o  l e n g t h  f r a c t i o n s  
on DEAE-ce l lu lose  columns i n  7M-urea (Tomlinson & T e n e r ,  I 963 ) .  
However, a method o f  f r a c t i o n a t i n g  p a n c r e a t i c  RNase d i g e s t s  on 
DEAE ™ paper  was d e v e lo p e d .  S e v e r a l  sys tems have been  d e v is e d  f o r  
l e n g t h  f r a c t i o n a t i o n  o f  o l ig o n u c le o t id e s  on DSAE-paper d eve loped  
w i t h  a s a l t  s o l u t i o n  ( e . g .  s e e  Laskowski ( 1967) ) ,  b u t  t h e
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r e s o l u t i o n  o b t a i n a b l e  by such  methods d id  no t  seem a d e q u a te ,
De Waohter ( 1968 ) d e s c r i b e d  a method f o r  a p p ly i n g  a s a l t  g r a d i e n t  
t o  pape r  by which o l i g o n u c l e o t i d e s  up t o  ? o r  8 u n i t s  long  c o u ld  
be s e p a r a t e d  (de V/achter & F i e r s ,  I 969 )* T h is  sys tem  was t e s t e d  
b u t  d id  n o t  g iv e  r e p r o d u c i b l e  r e s u l t s .  F i n a l l y ,  i t  was found  
t h a t  a d e q u a te  s e p a r a t i o n  o f  p a n c r e a t i c  RNase d i g e s t s  i n t o  l e n g t h  
c l a s s e s  up t o  h e x a n u c l e o t i d e  co u ld  be a c h ie v e d  by d e v e lo p in g  long  
(100  cm) s t r i p s  o f  DEAE -  p a p e r  w i t h  s a l t  i n  7M -urea , and  t h i s  
sys tem  was u s e d .
I t  seemed p o s s i b l e  a l s o  t o  examine t h e  o c c u r re n c e  i n  th e
v a r i o u s  f r a c t i o n s  o f  t h e  s p e c i e s  (P u )^  by d i g e s t i n g  samples
32o f  each  f r a c t i o n  w i t h  T^ RNase and m easur ing  t h e  P c o n te n t  o f  th e  
3 '-CMP l i b e r a t e d .  The 3 ’ -CMP was i s o l a t e d  by chrom atography  on
DEAE -  p a pe r  w i th  0 ,05  M-formic a c i d  ( Ja co b so n ,  I 964 )»
The s p e c i f i c i t y  of  RNase a l lo w e d  t h e  d e s ig n  o f  an e x per im en t  
c o m p le t e ly  a n a lo g o u s  t o  t h e  DNA a c i d  d i g e s t i o n  e x p e r i m e n t s ,  u s i n g  
t h e  RNA sys tem .  A com ple te  T^ and RNase d i g e s t  c o n s i s t s  o f  
o l i g o n u c l e o t i d e  s p e c i e s  o f  t h e  t y p e  (Py^^Pu, These sh o u ld  be 
s e p a r a b l e  i n t o  l e n g t h  c l a s s e s  u s i n g  t h e  system d e s c r i b e d  above f o r  
p a n c r e a t i c  RNase d i g e s t s .  I f  t h e  RI'IA i s  l a b e l l e d  w i t h  
GTP, t h e  l a b e l  s h o u ld  be found  on t h e  5 ’ - s i d e s  o f  t e r m i n a l  G 
r e s i d u e s :  a l k a l i n e  h y d r o l y s i s  o f  f r a c t i o n s  sh o u ld  t h e n  l o c a t e  GpG
s e q u e n c e s .  A p r e l i m i n a r y  e x p e r im en t  showed t h a t  t h e  f r a c t i o n a t i o n  
p r o c e d u r e  was f e a s i b l e ,  b u t  a d e q u a te  d a ta  have n o t  been  o b t a i n e d .
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4 , 2  m k  ACID DIGESTION EXPERIMENTS
A , 2 , 1  10-12  f r a c t i o n s  c o u ld  be i s o l a t e d  from a c i d  d i g e s t s  o f
10-12 f r a c t i o n s  c o u ld  be i s o l a t e d  from a c i d  d i g e s t s  o f  
dGTP l a b e l l e d  DNA p r e p a r a t i o n s ,  u s i n g  two d im e n s io n a l  p a p e r
o C
ch ro m a to g rap hy .  These e x p e r im e n t s  showed t h a t  t h e  "'P was p r e s e n t  
i n  a number o f  m o le c u l a r  s p e c i e s ,  a s  e x p e c t e d .  However, t h e  
s e p a r a t i o n s  o b t a i n e d ,  and t h e  r e p r o d u c i b i l i t y  of t h e  sy s te m ,  were n o t  
good enough f o r  d e t a i l e d  c h a r a c t e r i s a t i o n  o f  d i f f e r e n t  p y r i m i d i n e  run  
s p e c i e s .
4* 2 , 2  P r e p a r a t i o n  o f  DNAs f o r  Major E xper im en ts
The e x t e n t  o f  DNA p o ly m erase  a c t i o n  on MVM DNA was e s t i m a t e d  t o  
be e q u i v a l e n t  t o  90-100/^ r e p l i c a t i o n  o f  t h e  i n p u t  t e m p l a t e  DNA. The 
c o u rs e  o f  t h e  r e a c t i o n  i s  shown i n  F i g , 19* I t  i s  o f  i n t e r e s t  t h a t  
i n  t h i s  e x p e r im e n t ,  and i n  s e v e r a l  e x p e r im e n t s  w i t h  II- 1  DNA, t h e  
r e a c t i o n  s to p p e d  a f t e r  a b o u t  lOOJo r e p l i c a t i o n .  The n e a r e s t - n e i g h b o u r  
a n a l y s i s  o f  t h i s  m a t e r i a l  i s  shown i n  T ab le  l6  i n  t h e  90- 100;o column: 
t h e s e  f i g u r e s  a g r e e  q u i t e  c l o s e l y  w i t h  r e s u l t s  f o r  l e s s e r  e x t e n t s  o f  
r e p l i c a t i o n .  An e x t e n t  o f  copy ing  o f  abou t  lOG/a was chosen  so t h a t ,  
h o p e f u l l y ,  a l l  s e q u e n c e s  would be r e p r e s e n t e d  e q u a l l y .  A l th o u g h  t h e  
n e a r e s t - n e i g h b o u r  a n a l y s i s  a g r e e s  w i t h  p r e v i o u s  work,  t h i s  does n o t  
show t h a t  o n l y  t h e  (» )  s t r a n d  i s  b e in g  p ro d u ce d .  A lso  shown i n  
T a b le  16 a r e  t h e  n e a r e s t - n e i g h b o u r  p e r c e n t a g e s  e x p e c te d  f o r  p r o d u c t i o n  
o f  t h e  (-}-) s t r a n d  o n l y ,  c a l c u l a t e d  on t h e  a s su m p t io n  t h a t  t h e  o r i g i n a l ,
1 3 6
TABLE 16. ÎÎEAHEST-KSIGHBOIIR AHALYSSS OE F ^ P / - G  BHAs
MVTI-DM CALF TÏOTKJS 
DNA
A B
E x te n t  o f  
c o p y in g
20- 30?i 90-10051
(+)
s t r a n d
5 ' ™dAI^ d=> 3 2 . 4 * 35.3 34.5 33.2  33 .7
3 '-TMP 36 .4 37 .6 38.5 36 .8  35.5
3'-dCMP 2 4 .0 2 3 .4  , 1 9 .0 2 3 .4  2 3 .4
3'-dCMP 7.1 5 .7 7 ,7 6 ,6  7 .5
* P e r c e n t a g e  o f  t o t a l  ^^P (from dGTP)
a s s o c i a t e d  w i t h  each  3 ' - m o n o n u c l e o t i d e .
C a l f  thymus DM r e s u l t s
A : r e s u l t s  o f  p r e s e n t  s tu d y  
B : from J o s s e  e t  a l , (1961) .
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100
80
üu<Dr-T-i
20
1600 80 120 
I n c u b a t i o n  t ime (min)
A l i q u o t s  were w i thdrawn from th e  i n c u b a t i o n  m ix tu r e  
a t  0.J 40., 80, 120 and 180 min,  and a s s a y e d  f o r  ac id-
The am omit  o f  T)NA. s y n t h e s i s e d  i si n s o l u b l e 32"P,
e x p r e s s e d  a s  a  p e r c e n t a g e  o f  th e  i n p u t  t e m p l a t e  DM
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l im i te d -“copy n e a r e s t - n e i g h b o u r  a n a l y s i s  was in d e e d  made on ( - )  
s t r a n d s  o n l y .  I t  i s  e v i d e n t  from t h e  s i m i l a r i t y  o f  t h e  r e s u l t s  
e x p e c t e d  f o r  b o t h  s t r a n d s  t h a t  a c o n s i d e r a b l e  p r o p o r t i o n  o f  ( 4 ) 
s t r a n d  made i n  v i t r o  c o u ld  e scape  d e t e c t i o n  by t h e s e  c r i t e r i a .  
However, i t  does seem h i g h l y  p r o b a b l e  t h a t  most o f  t h e  DKA made 
i n  v i t r o  i s  ( - )  s t r a n d .  The o b s e r v a t i o n  t h a t  t h e  p o l y m e r i s a t i o n  
s t o p s  a f t e r  p r o d u c in g  a b o u t  100/j o f  t h e  i n p u t  DNA c o u ld  a l s o  be 
t a k e n  t o  s u p p o r t  t h i s  c o n c l u s i o n .
N e a r e s t - n e i g h b o u r  a n a l y s i s  o f  DNA made on a c a l f  thymus DNA 
t e m p l a t e  gave r e s u l t s  shown i n  T a b le  I 6 : t h e s e  a r e  i n  good
agreem en t  w i t h  t h e  r e s u l t s  o f  J o s s e  e t  a l .  ( 196I ) .
4 . 2 .3  F r a c t i o n a t i o n  o f  P y r im id in e  Runs by Length
The s e p a r a t i o n s  i n t o  i s o s t i c h s  a r e  i l l u s t r a t e d  by F i g , 20. With
b o t h  e x p e r im e n t s  i s o s t i c h s  I  t o  V I I I  were o b t a i n e d ,  t o g e t h e r  w i th  a
f i n a l  p u rg ed  f r a c t i o n ,  d e s i g n a t e d  IX, I n  b o th  c a s e s  t h e  a p p e a ra n c e
o f  t h e  u . v .  peak s  was c l o s e l y  s i m i l a r  t o  t h a t  found  by Spencer  et^ _^1.
32( 1969 ) .  Except  f o r  t h e  i n i t i a l  i n o r g a n i c  p h o sp h a te  p e a k ,  t h e  P
p e a k s  c o in c id e d  w i t h  t h e  u . v .  p e a k s .  I n  t h e  î^ TOI DNA. e x p e r im e n t ,
32minor u . v .  p e a k s ,  n o t  c o n t a i n i n g  P ,  were found  b e f o r e  i s o s t i c h s  I  
and I I : t h e s e  d i d  n o t  a p p e a r  i n  t h e  c a l f  thymus DNA e x p e r im e n t ,  and
p o s s i b l y  r e s u l t e d  from some d e g r a d a t i o n  of  p y r im id in e  r u n s  d u r in g  
t h e  i s o l a t i o n  p r o c e d u r e .  These  peaks  were no t  f u r t h e r  i n v e s t i g a t e d .  
Over 959^ o f  t h e  i n  t h e  lOTI DNA d i g e s t  a p p l i e d  t o  t h e  column
i %39
t  32v/as r e c o v e r e d .  50*33° o f  t h e  P r e c o v e r e d  was fo un d  a s  i n o r g a n i c
p h o s p h a t e .  S in c e  t h e  DNA was l a b e l l e d  w i th  ^^P_7»dGTP, t h e  
32P found  a s  P^ sh o u ld  r e p r e s e n t  t h e  r a d i o a c t i v i t y  p r e s e n t  b e f o r e  
*
d i g e s t i o n  a s  PupG, The n e a r e s t - n e i g h b o u r  a n a l y s i s  gave  a v a l u e  o f
56.7/^ o f  t o t a l  r a d i o a c t i v i t y  f o r  PupG, a g r e e i n g  w e l l  w i t h  t h a t
i n d i c a t e d  by t h e  a c i d  d i g e s t i o n .  ,
I n  t h e  c a l f  thymus DNA e x p e r i m e n t ,  p a r t  o f  t h e  P^ peak  was l o s t
and i t  was t h e r e f o r e  n o t  p o s s i b l e  t o  a p p ly  d i r e c t l y  t h e  q u a n t i t a t i o n
32u s e d  above .  S ince  r e c o v e r y  o f  P from th e  column v;as com ple te  i n
t h e  MVlvI DNA e x p e r i m e n t ,  i t  seemed r e a s o n a b l e  t o  e x p e c t  t h i s  w i t h  th e
c a l f  thymus DNA d i g e s t  a l s o .  45^  o f  t h e  i n p u t  ^^P was r e c o v e r e d  i n
p y r i m i d i n e  r u n s 5 t h e  P^ peak  sh o u ld  t h e r e f o r e  c o n t a i n  555^» T h is
a g r e e s  w e l l  w i t h  t h e  n e a r e s t - n e i g h b o u r  e s t i m a t e  o f  and so
l e n d s  w e ig h t  t o  t h e  a s su m p t io n  o f  com ple te  r e c o v e r y .
32The p e r c e n t a g e s  o f  "P found  i n  v a r i o u s  f r a c t i o n s  a r e  shovm i n  
T a b le  I 7 . I t  i s  e v i d e n t  t h a t  r e s u l t s  f o r  t h e  tv/o DNAs a g r e e  q u i t e  
c l o s e l y .  T a b le  17 a l s o  shows t h e  u . v .  c o n t e n t s  o f  t h e  i s o s t i c h s  i n  
t h e  two e x p e r i m e n t s ,  e x p r e s s e d  a s  mol p y r i m i d i n e s  p e r  100 mol b a s e s  
o f  i n p u t  DNA ( i . e .  t h e  t o t a l  f o r  a l l  i s o s t i c h s  i s  a d j u s t e d  t o  50 *0 ) ,  
Both  s e t s  o f  r e s u l t s  r e p r e s e n t  c a l f  thymus DNA, and a g r e e  w e l l  w i th  
v a l u e s  p u b l i s h e d  by H a l l  & S in s h e im e r  (19^3) and by S pencer  ^  a l .  
( 1969 ) ,  a l s o  shown i n  T a b le  17* Some i m p l i c a t i o n s  o f  t h e  u . v .  r e s u l t s  
a r e  d i s c u s s e d  i n  S e c t i o n  4*4*
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TABLS 17. PROPORTIONS 0? AND U.V. IN ISOSTICHS
I s o s t i c h P e r c e n t - p O f  
t o t a l  ^ P
u . v ,  a b so rb a n c e  : 
mol Py p e r  100 mol b a s e s
MVK C a l f
thymus A B G D
P i 58 .28 ( 5 5 ) — „ - —
I 19 .50 22 .17 11,5 11.7 10,6 11.2
I I 10.95 10,63 10 .9 11.0 10.0 10.5
I I I 5 .7 0 ■ 5 .1 4 7 .5 8 .2 7*7 8 .3
IV 2 .2 9 3.01 5*8 6 ,5 6 , 4 6.1
V 2 .1 4 1 ;82 4 . 4 4*7 4.1 4.1
VI 0 .6 4 1.13 2 . 8 5*1 5*4 5.2
V II 0 .2 2 0 .56 1 . 8 1 .8 2 .4 2.1
V I I I 0 .5 5 0 .26 1.6 1.1 1 ,6 1.5
"IX" 0 .1 9 0 .3 0 2 ,6 1 .9 5 .0 5*0
X- A l l  u . v ,  r e s u l t s  r e p r e s e n t  c a l f  thymus DNA. The s o u r c e s  o f  
t h e s e  d a t a  a r e
A ; E xper im en t  w i t h  / ~ ^ ^ F 7 " l a b e l l e d  fïVïi DNA.
? o
B : E xper im en t  w i t h  P / - l a b e l l e d  c a l f  thymus DNA.
C : H a l l  & S in s h e im e r  ( I 963 ) .
D : S p en ce r  £ t  a J . ( I 968 )*
C and D a r e  i n c l u d e d  f o r  comparison*
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4*2*4 F r a c t i o n a t i o n  o f  I s o s t i c h s  'b y  Base Composi t ionI  * u h n  >1 , k , | i  # , I l I I  i i f l t o h l i in i H U M if  I 1 I n  I a i p ' i  i n n  ■ ■ i T i r t  m j i i i u  m b u #  W i *  i n  w i iim a « i  n n ii|j  a r m  u< i i m i ^ i n r i i T w r r i n T i i T r  iiw r i t  t i  Hi f c )  . i p t j - w i f i i i f T r i i  i» r t4 * i~ n r n i f  i t <  w i >m i > i r i V f r n  i‘ #  « ii |
I n  b o th  e x p e r i m e n t s ,  i s o s t i c h s  I  t o  IV were f r a c t i o n a t e d  by
b a se  c o m p o s i t io n  a s  shovm i n  F i g s . 21 and 22. I n  a l l  o a s e s  t h e
32 32P p e ak s  c o i n c i d e d  w i t h  u . v .  p e a k s .  The p e r c e n t a g e s  o f  "P and
u . v .  a b s o r b i n g  m a t e r i a l  i n  t h e  v a r i o u s  f r a c t i o n s  a r e  shown i n  T ab le
18.  Peaks  were i d e n t i f i e d  as f o l l o w s .  F i r s t ,  t h e  p o s i t i o n s  and
numbers o f  p eaks  i n  t h e  s a l t  g r a d i e n t  a g re e d  w i th  t h e  r e s u l t s  o f
Cerny ejb ( 1968 ) .  N e x t ,  t h e  u . v .  s p e c t r a  o f  t h e  peak s  were
m easured  a t  pH 3 . 0 ,  The r a t i o  o f  a b so rb a n c e  a t  290 nm t o  t h a t  a t
267*5 nm was c a l c u l a t e d .  267,5  nm i s  t h e  i s o s b e s t i c  w a v e le n g th
f o r  T and G a t  pH 3 .0  (Oerny ^  n l . , 1968)5 a t  290 nm t h e 'm o l a r
a b s o r b a n c e  o f  G i s  much h i g h e r  t h a n  t h a t  o f  T . The r a t i o  t h e r e f o r e
g i v e s  a measure  o f  t h e  p r o p o r t i o n  o f  G i n  each  f r a c t i o n .  I n  a
s i m i l a r  way t h e  ^P r a t i o s  o f  each  f r a c t i o n ,  i n  t h e  MVM BNA
e x p e r i m e n t ,  gave  some c o n f i r m a t i o n  o f  t h e  o t h e r  m ethods :  t h e  ^^0
v a lu e  r e p r e s e n t s  t h e  t o t a l  c y t o s i n e  c o n te n t  o f  t h e  f r a c t i o n ,  w h i le  
32t h e  P r e p r e s e n t s ,  n o t  a c t u a l l y  t h e  t o t a l  f r e q u e n c y  o f  o c c u r r e n c e
o f  t h e  f r a c t i o n ,  b u t  t h e  f r e q u e n c y  o f  o c c u r r e n c e  o f  r u n s  i n  t h e
f r a c t i o n  which  ended w i t h  G-.
The f i r s t  peak  t o  be e l u t e d  i n  t h e  g r a d i e n t  u s i n g  t h i s  sys tem
h a s  t h e  fo rm u la  C p _ where n i s  t h e  l e n g t h  o f  t h e  i s o s t i c h  u n d e rn*-n"M
32s t u d y .  S in ce  t h i s  f r a c t i o n  c o n t a i n s  o n ly  C, any P found  must
r e p r e s e n t  GpG. A l l  r u n s  o f  t y p e  f o r  n e q u a l s  1 t o  4 , d id
32
c o n t a i n  ' P , b u t  o n ly  pGp c o n t a i n e d  l a r g e  amounts:  i n  t h e  o t h e r
IrAirx;-; i e .  ? r.(i? o rii’iOH3 o f a jw  u . v .
IK FVLiCïïO.i.,; XIKIARjV'I'FD BY BASK COMIOSITIGH
P e r c e n t  o f  
t o t a l  P i n  
i s o s t i c h
P e r c e n t  o f  t o t a l  
u . v .  a b so rb an c e  
i n  i s o s t i c h
F r a c t i o n MVM C a lfthymus A B 0
C 22 .9 16,5 4 2 .9 59 .5 41
T 77.1 8 5 .8 57.1 6 0 .7 59
R 6 , 4 5.1 19 .4 15 ,9 19
CÏ 5 5 .2 57 .6 5 0 ,0 56 ,6 51
58 .4 ' 5 7 . 4 50.6 27.5 50
2 . 5 1 . 8 14.5 9 . 0 16
CgT 25.1 2 9 .9 2 9 .9 54.9 55
CTg 57 .5 4 4 .0 51 .5 57.6 5Ï
'^ 3
55 .4 24 ,5 24 .5 18,5 21
"4
1 .0 2,1 7 .8 7
C,T0 7 .5 16 ,9 — 22,5 20
57 .5 55 .7 - 50 ,8 55
OT, 5 8 .8 55.6 - 26 .4 27
' 4 1 5 .4 15 .7
— 12,5 12
R e s u l t s  a r e  e x p r e s s e d  a s  p e r c e n t a g e s  o f  t h e  m a t e r i a l  
r e c o v e r e d  from t h e  column i n  t h e  g r a d i e n t  i , e  
e x c l u d i n g  m a t e r i a l  e l u t e d  i n  t h e  p re w a s h in g  p r o c e d u r e .
A l l  u . v ,  r e s u l t s  r e p r e s e n t  c a l f  thymus DM, The s o u r c e s  
o f  t h e s e  d a t a  a r e
A : E xper im en t  w i t h  / ^ ^ ^ ^ - l a b e l l e d  MVM DM ,
B : Exper im en t  w i t h  /7 ^ ^ £ 7 ™ la b e l le d  c a l f  thymus DNA, 
C ; H a l l  & S in s h e im e r  (19&5)*
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c a s e s  t h e  amounts were v e ry  low (T ab le  1 8 ) .  I t  was t h e r e f o r e  of  
p a r t i c u l a r  c o n ce rn  t h a t  t h e  p rew ash in g  o f  t h e  coluiiin w i t h  0 . 1  M-
3 n
fo rm ic  a c i d  e l u t e d  4-^ '^  o f  t h e  t o t a l  a p p l i e d  "P: s i n c e  G p _ ^  ^ n ^ n f l
was t h e  f i r s t  peak  e l u t e d  a f t e r  s t a r t i n g  t h e  g r a d i e n t ,  and s i n c e
32l e v e l s  o f  'P i n  t h e s e  f r a c t i o n s  were low, i t  seemed p o s s i b l e  t h a t  
t h i s  e a s i l y  e l u t e d  m a t e r i a l  was b e in g  l o s t  p r e f e r e n t i a l l y  i n  t h e  
p rew ash .
T h is  p o s s i b i l i t y  was e x c lu d e d  by t h e  f o l l o w in g  c o n s i d e r a t i o n s .
F i r s t ,  t h e  r a t i o  o f  t h e  a b so rb a n c e  a t  290 nm t o  t h a t  a t  267*5 am, 
and th e  r a t i o  o f  t o  c o n t e n t s ,  o f  th e  prewash f r a c t i o n s  
i n d i c a t e d  t h e  p r e s e n c e  o f  b o th  G and T. Second, t h e  p r o p o r t i o n s  o f  
u . v .  a b s o r b i n g  m a t e r i a l  i n  v a r i o u s  f r a c t i o n s ,  p a r t i c u l a r l y  t h e  a l l  
c y t o s i n e  f r a c t i o n s ,  o b t a i n e d  by t h i s  method a g re e d  w e l l  w i t h  th o s e  
found  by H a l l  & S in sh e im e r  (1963) u s i n g  o t h e r  m ethods .  I t  i s  
p r o b a b l e  t h a t  t h e  prew ash  f r a c t i o n s  r e p r e s e n t  some d e g ra d e d  p y r im id in e  
ru n  m a t e r i a l .
4*2 . 5  D e te r m in a t io n  o f  3 ' - e n d  Groups
The r e s u l t s  o f  3 ' - e n d  group  e s t i m a t e s  f o r  t h e  s e p a r a t e d  i s o s t i c h s
from î/rVïi MA a r e  shown i n  T ab le  19* A l l  f r a c t i o n s  examined c o n ta in e d
3 2between 5 and l6'^ o f  t h e i r  P i n  3*“ dCMP. The sys tem  gave s a t i s f a c t o r y  
d i g e s t i o n  and s e p a r a t i o n ,  a l t h o u g h  i n  a few c a se s  u n d i g e s t e d  m a t e r i a l  
was d e t e c t e d .  I n  some c a s e s  ^^G v/as d e t e c t a b l e  i n  t h e  fo rw a rd  a r e a  
where d e o x y c y t id i n e  r u n s ,  i n d i c a t i n g  some d e p h o s p h o r y l a t i o n .  I n o r g a n i c  
p h o sp h a te  r u n s  w i t h  T11P i n  t h i s  sys tem ,  so any d ep h o sp h o ry la  bion w i l l
•)47
TABLE-19, BRTE.il'.IEATIOK 0? 5 '-EBB GROUPS
ITT im i 1)1 A PYRII-:i'DlT;I FRACTIONS
CTp^ s TP4 "'•2^4 0^" 2^5
CT3P5
5=
52p
f
32 .^ 14c
cl/'
32p
/
14p
7- 7:
32p
/"■
U n d ig e s te d  
M a t e r i a l ,
T pCp & pTp
68 6 56 10 42 4 40 13 41 14
3'-TM:P 0 86 ' 0 78 0 76 1 68 2 76
Area between 
Tm^ & dCMP 0 2 1 3 0 5 1 3 1 3
5 »-dCMP 50 6 53 9 53 14 53 13 48 5
Area  fo rw a rd  
o f  dCMP 2 0 10 0 4 1 5 2 8 2
These r e s u l t s  a r e  f o r  f r a c t i o u s  f rom  MW I)NA ( - )  s t r a n d  l a b e l l e d  
w i t h  / T a n d  /^^^P/'-dGTPc Each f r a c t i o n  was d i g e s t e d  w i th  
n u c l e a s e  and c h rom a tog raphed  on DEAE™paper; t h e  p o r t i o n s  o f  th e  
p a p e r  i n d i c a t e d  were t h e n  c u t  o u t  and t h e i r  and c o n t e n t s  
de te rm inedo
4ü
cause  t h e  o v e r - e s t i m a t i o n  o f  5 ' end g roups  a t  t h e  expense  o f
5'~dCKP* The m ononuc leos ide  d i p h o s p h a te  f r a c t i o n  sh o u ld  c o n t a i n  
any /^^C7“ 3 ' ? 5 ' “dCDP from th e  o f  r u n s .  D u p l i c a t e
d e t e r m i n a t i o n s  on s e v e r a l  f r a c t i o n s  a g re e d  w e l l .
In  t h e  c a l f  th\niius DNA e x p e r im e n t ,  s a t i s f a c t o r y  r e s u l t s  were 
o b t a i n e d  o n ly  f o r  th e  CTp^ f r a c t i o n ,  where 84f. o f  th e  was found
i n TMP and i n  dCMP, The amoimts o f  -^^P i n  o t h e r  f r a c t i o n s  were
82to o  sm a l l  t o  o b t a i n  good e s t i m a t e s  o f  ^ P i n  dCMP.
4 . 2 .6  Con c l u s i o n s
Table  20 l i s t s  t h e  f r e q u e n c y  o f  o c c u r r e n c e  o f  se q u ences '  e n d in g  
w i t h  -C-G and wpjh -T-G, I t  i s  e v i d e n t  t h a t  i n  b o th  MW ( - )  s t r a n d  
DNA and i n  c a l f  thymus DNA, t h e  CpG sequ ences  can o ccu r  i n  â  v a r i e t y  
o f  p o s i t i o n s  w i t h  r e s p e c t  t o  seq u en ces  found  on t h e  5 ’” S id e ,  The 
immediate  5 ' - n e i g h b o u r  can be Pu o r  C o r  T, T h is  a g r e e s  
q u a l i t a t i v e l y  w i t h  t h e  c o n c l u s i o n s  o f  D o sk o c i l  & Sorm ( I 962 ) f o r  th e  
d i s t r i b u t i o n  o f  ^ - m e t h y l c y t o s i n e  i n  c a l f  thymus DNA, T able  20 shows 
t h a t  th e  amounts o f  CpG and TpG found  i n  v a r i o u s  f r a c t i o n s  add up t o  
v a l u e s  c l o s e  t o  th e  t o t a l s  i n d i c a t e d  by n e a r e s t - n e i g h b o u r  a n a l y s i s .  
Tab le  21 i n d i c a t e s  t h e  r e l a t i v e  amounts o f  CpG found  as. Pu-C-G,
C-C-G, T'-C-G and  u n u s s ig n e d  Py-C-G* TpG i s  t r e a t e d  s i m i l a r l y .
I f  i t  i s  assumed t h a t  t h e  DNA made i n  v i t r o  from MW DNA te m p la te  
i s  c o m p le t e ly  r e p r e s e n t a t i v e  o f  ( - )  s t r a n d  t h e n  t h e  nm iber  o f  c o p ie s  
o f  each  sequence  p e r  ( - )  s t r a n d  DNA m o lecu le  can be c a l c u l a t e d ,  u s i n g  
b ase  c o m p o s i t io n  v a l u e s  o b t a i n e d  from n e a r e s t - n e i g h b o u r  a n a l y s i s  and
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a ( 4-) s t r a n d  m o le c u la r  w e igh t  o f  1 , ?  x 10^ (Crawford £ t  £ 1 » , I 969 ) .
These e s t i m a t e s  a r e  a l s o  shown i n  T ab le  20. A l l  t h e  v a l u e s  a r e  
g r e a t e r  t h a n  u n i t y  e x c e p t  f o r  t h e  h e x a n u c l e o t i d e  Pu-C-C-C-G-G, In  
a  random c h a in  a b o u t  500C u n i t s  long  a g iv e n  h e x a n u c l e o t i d e  m ig h t ,  
on a random b a s i s ,  be e x p e c te d  t o  occu r  1-2  t im e s ,  so t h e  v a l u e s  ■ 
f a l l  i n t o  t h e  e x p e c te d  o r d e r  o f  m agn i tude .  The MW DNA m olecu le  i s  
e x p e c t e d ,  from i t s  s i z e ,  t o  c o n t a i n  a bou t  t e n  genes  i . e .  t h e r e  a r e ,  
p e r  ge n e ,  f i v e  c o p ie s  o f  Pu-G»G se q u ences  and one e ach  o f  G-C-G and 
T-G-G i n  t h e  ( - )  s t r a n d .
Prom t h e  r a t i o s  i n  t h e  f r a c t i o n s  s e p a r a t e d  by b a se
c o m p o s i t i o n ,  t h e  t o t a l  f r e q u e n c y  o f  o c c u r re n c e  o f  c y t o s i n e - c o n t a i n i n g  
f r a c t i o n s  i n  MVM DÎTÂ v/as e s t i m a t e d .  By s u b t r a c t i o n  t h i s  a l s o  gave 
e s t i m a t e s  f o r  c y t o s i n e - c o n t a i n i n g  r u n s  ended w i th  A. The e s t i m a t e s  
o b t a i n e d  i n  t h i s  way a r e  shown i n  T ab le  22. O ther  i n f o r m a t i o n  on 
seq uences  deduced f rom t h e  n u c l e a s e  d i g e s t  r e s u l t s  i s  shown i n  T ab le  
2 3 . These e s t i m a t e s  may n o t  be v e ry  a c c u r a t e  b e ca u se  o f  t h e  i n d i r e c t  
methods u se d  t o  o b t a i n  them.
In  r e t r o s p e c t ,  some improvements  might  be made i n  t h e  d e t a i l  o f  
t h e  e x p e r im e n t s  d e s c r i b e d  above .  F i r s t ,  a l t h o u g h  t h e  m ic r o c o c c a l  
n u c l e a s e  sys tem  worked v /e l l ,  i t  d i d  u se  l a r g e  q u a n t i t i e s  o f  enzyme, and 
t h i s  might  g iv e  r i s e  t o  a r t i f a c t s .  R ic h a rd s  & Lapkowski ( 1969 ) have 
r e p o r t e d  t h a t ,  a t  low pli,  o l i g o n u c l e o t i d e s  w i th  3 ’- p h o s p h a t e  and 
g ro u p s  a r e  r e l a t i v e l y  e a s i l y  h y d r o l y s e d  by snake venom p h o s p h o d i e s t e r a s e .  
T h is  might  p r o v i d e  an a l t e r n a t i v e  method o f  a n a l y s i s .  I n  t h i s  c ase  
t h e  3 ’™end g rou p s  would a p p e a r  a s  m ononucleos ide  3 ' ?  5 ’“ d i p h o s p h a t e s .
150
S e co n d ly , th e  u se  o f  io n  exchange colums f o r  s e p a r a t i o n  was t im e»  
consuming a l th o u g h  a c c u r a t e .  S o u th e rn  ( l9 ? 0 )  has  r e c e n t l y  
p u b l i s h e d  a method f o r  th e  s e p a r a t i o n  o f  f u l l y  p h o s p h o r y la te d  
p y r im id in e  ru n s  by two d im e n s io n a l  e l e c t r o p h o r e s i s  on a g e l  and 
on DFAE-paperî t h i s  would seem t o  be w e l l  s u i t e d  t o  i n v e s t i g a t i o n s  
o f  t h e  ty p e  d e s c r ib e d  h e r e .
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TA'OId 21 . '•'RB2ir«:;iCIT15 ITT Id/i-I AdD C2.LP TimxuSI»»!* •  » * M  w ^ i  t r w W » » ' f c » ' '* r \ N » .* - r * W - i  lf<  ie « * ' * « f v ^ n te , »V  i%«u« i t^ ja  » -*w  • r W i »  >■ ?«. »—' ' ' * » ' » * * * , » » # w *  j
1)2Ac 0 2  2 2 0  5 ' - : a ;I;'^030U£?S 0 2  CoG AGO 2rG S20Ü22G0S
V  ! * ■ •  -Kit u » t - " i i» .w v T V fi‘* - ^ -» '» * » » - * s h a n t - f » t j* v r v r K T - » T j i  i< r% * a ,»
Species
I'lM'l (-)
Strand
S
Galf
Trnymus
C-'/"
Species
î'WÎ'i (-)
strand
9:
C a lf
Thymus
9:
Pu-C-G 6.5 51 lu-T-G 41 51
G-G-G 12 10 C“T“G 19 14
T-G-G 11 14 T-T-G 18 16
Py-C-G->:- 15 25 Py-T-G^ 22 19
-X- Py-G-G and Py-T-G r e p r e s e n t  th e  d i f f e r e n c e s  be tw een  th e  siiramed 
f r e a u e n c i e s  o f  f r a c t i o n s  exam ined and th e  v a lu e s  f o r  t o t a l  GpG 
and  TpGj r e s p e c t i v e l y ,  o b ta in e d  by n e a r e s t - n e ig i ib o u r  a n a l y s i s .  
These e s t im a t e s  a r e  th u s  d ependen t on th e  a c c u ra c y  o f  th e  
n e a r e s t  “neighbour* a n a l y s i s .
— ooOoo—“
TABLE 22 . FREGh'ENCIES IN BNA 02 PYRIMIBINE 
SEOUENCEG WITH A Ao 5 ’-iJEIGIlBOim
S p e c ie s Times/PLA S p e c ie s Times/DI'TA
PU"C»A 110 Pu~(G ,T)-A 39
PU“ C“ C“A 52 Pu-(G  ,T )-A  
Pu- ( c2 2 ) ”A
12
Pu-C-C-C-A 5 16
Pu " C ” G ““ C " C “■ A 1 r t i - (C ^ ,T ) -A  
P u - ( c g T p ) - A  
P u - ( 0 ,T  )-A
2
4
2
These d a ta  a r e  f o r  ATI'I BKA ( - )  s t r a n d ,  and were deduced from  
th e  P d a ta  f o r  each  f r a c t i o n .
’OoGoo-
TABLE 2 5 « ABBITIONAL EPBOBEIfGY IlhGRMTION Oli liYTÏ .'DM
S p e c ie s Time s /BNA
Pu-T-G-A 48
PU“ G-T-A 62
Pu-T-G-G-Pu 6
Pu-G-T-T»Pu ' 17
Pu-G-T“T-T-Pu 5
These d a ta  a r e  f o r  MTM DM ( - )  s t r a n d ,  and were deduced  from  
th e  n u c le a s e  d i g e s t  r e s u l t s .
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/ . 3  BN& DIGESTION EXPERIirSNTS 
4*3*1 Pr e oar a t  i  o n o f  HNA s
S in sh e im e r  & Lawrence ( 1964 ) and. Cham berlin  & B erg  ( 1964 ) 
showed t h a t  th e  s i n g l e - s t r a n d e d  BM o f  phage /X 1Y4 co u ld  a c t  iri 
v i t r o  a s  a te m p la te  f o r  L L co li  MA p o ly m e rase .  I t  h a s  now been 
found  t h a t  th e  s i n g l e - s t r a n d e d  p a rv o v i r u s  DBAs a re  a l s o  a c t i v e  a s  
t e m p l a t e s .  In  d i f f e r e n t  e x p e r im e n ts  th e  RNÂ p ro d u ced  i n  v i t r o
*  J -  *  C K * M & n «  M R m r f U M O U r x M O i r a
was e q u iv a l e n t  t o  be tw een  10 and 3O70 o f  th e  t e m p la te  DM . N e a r e s t -  
n e ig h b o u r  a n a ly s e s  w ere made o f  sam ples  o f  th e  / r ^ ‘“P_7- RNAss 
t h e s e  r e s u l t s  have a l r e a d y  been  d i s c u s s e d  i n  S e c t io n  3*1*3* C a lf  
thymus DNA gave c l o s e l y  s i m i l a r  n e a r e s t - n e ig h b o u r  p a t t e r n s  w i th  th e  
DNA and RM po ly m erase  m ethods, b u t  th e  r e s u l t s  f o r  th e  DBAs o f  
p a rv o v i r u s e s  MM and ÏÏ- 1  showed d i f f e r e n c e s  betw een th e  methods#
However th e  MA p r e p a r a t i o n s  made on p a rv o v i ru s  DM te m p la t e s  d id
e x h i b i t  lov^  CpG l e v e l s ,  and were u se d  f o r  s t u d i e s  on t h e  GpG
phenomenon.
4*3*2 E l e c t r o n h o r e s i s  a t  low pH
The s e p a r a t i o n  o b ta in e d  w i th  Ih^HNase d i g e s t s  u s in g  th e  
e l e c t r o p h o r e t i c  sy s tem  o f  Sanger jrb a l . ( 1965) i s  i l l u s t r a t e d  i n  
F ig u r e s  23 and 24* S p e c ie s  o f  i n t e r e s t  were i d e n t i f i e d  by com parison  
w i th  th e  r e s u l t s  o f  Sanger al.« ( 1965) and , wi b h l a b e l l e d  
d i g e s t s ,  by a l k a l i n e  d i g e s t i o n  o f  m a t e r i a l  e lu t e d  from  th e  p a p e r .
In  a d d i t i o n ,  th e  d i s p l a c e m e n t  o f  s p e c i e s  from th e  o r i g i n  were e x p re s s e d  
a s  p e r c e n ta g e s  o f  th e  d i s t a n c e  moved by wM.ch co u ld  r e a d i l y  be
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TABÏj:':: 2 4 * SEPARATION OP OLIG-OPTJGLEOTIDES 
BY ELECTROPHORESIS AT LOW pH
F r a c t i o n a t i o n  o f  T, RNace D ig e s ts
Compound M o b i l i ty
ApGp 69
CpCpGp 77
CpGp 85
Gp 100
F r a c t i o n a t i o n  o f  T,j and RHase D igest!
Compound M o b i l i ty
GpCpGp 77
CpGp 85
Unknown t 87
Unknovm Î 91
Gp 100
CpAp 107
Ap 115
N u c lease  d i g e s t s  o f  SNA were f r a c t i o n e d  by e l e c t r o p h o r e s i s  
on DEAE-paper a t  pH 1,9*
^ The d i s t a n c e  from  th e  o r i g i n  moved by each  s p e c i e s  i s  
e x p re s s e d  a s  a  p e rc e n ta g e  o f  th e  d i s t a n c e  moved b y ' 5 ' -G IR .
+ The s p e c i e s  marked "Hnlcnomi" c o n ta in e d  G and  A.
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T., Knase ~h e x t r a  i n c u b a t io n
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^ ^ ^ Ct n^ f rom  ong h
Pi;A v/ac coDied in vitro from KVÎ4 DtA nninr / 'P/-GTP, i
electrophorenedc Thes^e di afrramo are from Actié; 
electix;nhore borrano ^ taken v/.i th a ni it v/j,dtVi of 1,5 mm and. 8can rate 50cm,
;cane o f  the
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i d e n t i f i e d  u n d e r  u , v ,  l i g h t ,  by com parison  v/ith  m arker GiîP. As 
shown in  T ab le  24» t h i s  gave  c o n s i s t e n t  r e s u l t s  f o r  t h e  compounds 
o f  i n t e r e s t .
T h is  system  gave good s e p a r a t i o n  o f  CpGp from  o t h e r  d i g e s t i o n
p ro d u c ts  f o r  T  ^ RNase d i g e s t s  o f  RWA l a b e l l e d  w i th  o r•14,
GTP, F o r d i g e s t s  o f  BRA l a b e l l e d  w i th  o t h e r  ^ ^ P ^ -  
NTP compounds th e  s e p a r a t i o n  was a d e q u a te  b u t  som etim es some 
background  r a d i o a c t i v i t y  was d e t e c t a b l e  betw een CpGp and Gp, and 
fo rw a rd  o f  Gp. T h is  was a s c r i b e d  to  n o n - s p e c i f i c  d i g e s t i o n  and i s  
d i s c u s s e d  l a t e r .  The s e p a r a t io n  o b ta in e d  w i th  combined T  ^ and ïï^ 
RRase d i g e s t s  i s  i l l u s t r a t e d  i n  F ig u r e s  23 and 25* A g a in ,  th e  
s e p a r a t i o n  i s  e x c e l l e n t  f o r  d i g e s t s  o f  BRA l a b e l l e d  w i th  
GTP. However, w i th  label%  r a d i o a c t i v i t y  was found  i n
o th e r  d i g e s t i o n  p r o d u c t s  n e a r  CpGp, and in  many c a s e s  t h e  s e p a r a t io n  
was n o t  good. These  d i g e s t s  were t h e r e f o r e  e l e c t r o p h o r e s e d  f o r  
16-18  kV-h i n s t e a d  o f  15™l6 kV -h. N e v e r th e l e s s ,  r e s o l u t i o n  i n  th e  
c r i t i c a l  fo rw a rd  a re a  v/as v a r i a b l e .
4*3*3 E x p er im e n ts  w i th  T„ RNase
In  e a r l y  e x p e r im e n ts  i t  became a p p a re n t  t h a t  i n  some c a s e s  th e  
W o rth in g to n  T.  ^ RNase p r e p a r a t i o n  u se d  v/as no t  c o m p le te ly  s p e c i f i c .  
Amounts o f  l a b e l  i n  Gp were much h ig h e r  th a n  e x p e c te d  from  n e a r e s t -  
n e ig h b o u r  a n a l y s i s ,  and o l i g o n u c l e o t i d e  s p e c ie s  n o t  c o n ta in i n g  G 
c o u ld  be d e t e c t e d .  The c o n ta m in a t in g  n u c le a s e  a c t i v i t y  was n o t  
d e s t r o y e d  by h e a t i n g  a t  lOO^G f o r  10 min. L a te r  e x p e r im e n ts  u sed
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Sankyo T ^ M a s e ,  which was more s a t i s f a c t o r y .  However, even h e re
c a re  was n e c e s s a r y ,  s in c e  t r a c e  amounts o f  s p e c ie s  n o t  e x p e c te d  in
RNase d i g e s t s  c o u ld  be d e t e c t e d  w i th  RHA.
The f o l lo w in g  c r i t e r i a  were u sed  t o  judge  th e  q u a l i t y  o f
RNase d i g e s t s .  F i r s t ,  th e  p r o p o r t io n  o f  r a d i o a c t i v i t y  i n  GliP sh o u ld
g iv e  some i n d i c a t i o n  o f  th e  s t a t e  o f  d i g e s t i o n ,  Gil? sh o u ld  be
l i b e r a t e d  w herever  t h e  sequence  -G-G- i s  fo u n d . T h e r e f o r e ,  f o r  T^
RNase d i g e s t s  o f  RNA l a b e l l e d  w i th  GTP, t h e  amount o f  ^"^0
i n  GilP sh o u ld  be a d i r e c t  m easure o f  th e  f re q u e n c y  o f  o c c u r re n c e  of
GpG i e ,  t h e  p r o p o r t i o n  o f  i n  GilP sh o u ld  be e q u a l  t o  t h e  
32p r o p o r t io n  o f  P i n  GitP w i th  a n e a r e s t - n e ig h b o u r  a n a l y s i s  u s in g
/ ” o<^^P_7“ GTP, The s i t u a t i o n  w i th  RNAs i s  l e s s  s im p le .
I n  t h i s  c a s e ,  i f  th e  RNA was l a b e l l e d  w i th  7 ”^  NTP, th e  amount
/~*3 2 ”7o f  7?_y-  GiïP i n  a T^ Rl^ase d i g e s t  sh ou ld  r e p r e s e n t  th e  o c c u rre n c e
o f  th e  sequence  G»G«N. The r e s u l t s  can o n ly  f i n a l l y  be checked  by
summation o f  th e  c a l c u l a t e d  t o t a l  f r e q u e n c ie s  f o r  a l l  f o u r  G-G-N
s p e c i e s ,  w hich g iv e s  an e s t im a te  f o r  a b s o l u t e  f r e q u e n c y  o f  GpG,
Two o t h e r  c r i t e r i a  were t h e r e f o r e  u sed  to  check / f  RNA
d ig e s t s *  Some o f  t h e  p o s s i b l e  n o n - s p e c i f i c  breakdown p r o d u c t s
( i . e *  o l i g o n u c l e o t i d e s  w i th  3*-ond  g rou ps  o th e r  th a n  3*-GîÆP) ru n
betw een CpGp and Gp, and o t h e r s  ru n  ahead  o f  Gp, i n  th e  e l e c t r o p h o r e s i s
32system* The amount o f  P i n  t h e s e  a r e a s  sh o u ld  be m in im a l.  N e x t ,  
t h e  r e p r o d u c i b i l i t y  o f  th e  d i s t r i b u t i o n  o f  ^^P w i th  a g iv e n  Z"^^P_7“
RNA v/as c o n s id e r e d .  I n  p a r t i c u l a r ,  th e  amounts o f  ^^P i n  (C,A)pGp 
and ApGp, i n  GpCpGp, i n  CpGp and i n  Gp were compared f o r  d i f f e r e n t
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d ig e s t s *
The r e s u l t s  o b ta in e d  w i th  T^ RNase d i g e s t s  o f  RNA t r a n s c r i b e d
from  DNA and l a b e l l e d  w i th  /  GTP a re  i l l u s t r a t e d  i n  F ig ,
23* W ith  t h e s e  d i g e s t s  th e  ^‘^ 0  i n  CpGp sh ou ld  g iv e  a m easure  o f
th e  o c c u r re n c e  o f  G-G-G, As shown i n  T ab le  25? i n  s i x
d e te r m in a t io n s  v a lu e s  betw een 2 and 3/o o f  th e  t o t a l  r a d i o a c t i v i t y
were o b ta in ed *  The l e s s  e x te n s iv e  d a ta  f o r  c a l f  thymus DNA g iv e
s i m i l a r  r e s u l t s  (T a b le  26 ) ,
R e s u l t s  o b ta in e d  w i th  d i g e s t s  o f  £  NKAs a r e  i l l u s t r a t e d
32i n  P i g , 24* T ab le  27 shows th e  p e r c e n ta g e s  o f  P found  i n  v a r io u s  
f r a c t i o n s  w i th  W M  and H-1 DNA e x p e r im e n ts .  Columns 1 and 2 of 
T ab le  27 g iv e  s e t s  o f  r e s u l t s  f o r  d i f f e r e n t  d i g e s t s  o f  th e  same RNA 
p r e p a r a t i o n s  from WM DNA, D ig e s t io n  c o n d i t i o n s  f o r  t h e  column 1 
r e s u l t s  were s t a n d a r d s -  Ih  a t  37^C w i th  an enzyme: RNA r a t i o  o f
1 :2 0 ,  No s t e p s  were ta k e n  t o  remove th e  te m p la te  DNA i n  t h e s e  
e x p e r im e n ts .  The d i g e s t s  whose r e s u l t s  a r e  shown i n  column 2 were 
p r e p a r e d  by t r e a tm e n t  w i th  T^ RNase f o r  30 min, a t  37^C (enzyme:
RNA r a t i o  1 : 2 0 ) ,  th e n  h e a t i n g  a t  95*^ C f o r  5 min and c o o l in g  on i c e ,
and in c u b a t in g  a t  37^C f o r  30 m in, more* T h is  p ro c e d u re  was
in te n d e d  t o  d i s s o c i a t e  any DNA/RNA complexes which may have i n h i b i t e d  
com ple te
E xcept f o r  P_7- DTP, th e  r e s u l t s  f o r  t h e s e  two s e t s  o f
E xcept f o r  /  c>< DTP, th e  r e s u l t s  f o r  t h e s e  two s e t s  o f
d i g e s t s  were q u i t e  c lo s e  and were a v e ra g e d .  The r e s u l t  f o r  P^y.
32XJTP i n  column 1 showed a v e ry  h ig h  p e r c e n ta g e  o f  P i n  Gp, and th e
3?t o t a l  d i s t r i b u t i o n  o f  "P was a l s o  a t y p i c a l ,  , T h is  r e s u l t  was,
1bO
therefore, discarded,
32
In these digests, P can occur in oligonucleotides internally
32
or at the 3*-ends. The CpGp fraction should contain internal P
only when GTP has been used as label. This was verified
by alkaline hydrolysis of CpGp fractions from the various digests. 
V/hen the RNA had been prepared with ^^P_7” CTP, ^^P v/as found 
in both Gp and Gp from the alkaline hydrolysate, while with other 
labels only Gp contained Labelling with GTP, for
W M  1 9,9^ of the ^^P in CpGp was external, and for H-1 this figure 
v/as 20,6.
Further treatments of T^ RNase results for IvIVM and H«1 are shown 
in Tables 28 and 29 respectively. Part A of Table 28 shows the 
absolute frequency values derived for G-G-G-N and G-G-N species by 
multiplying the percentage values by the appropriate incorporation 
factor, as in nearest-neighbour analysis. . Part B shows similar 
calculations for £  RNA. Part C of Table 28 compares the GpG
frequencies obtained by different methods. The values obtained with 
T^ RNase are higher than the nearest-neighbour value; this is 
probably caused by some non-specific digestion. The sequence 
G-C-G-N is found for all four species of N (Table 28, part A), 
However, the total amounts involved are small, and part D shows the 
poor agreement between different ways of estimating total G-G-G. It 
is evident that any over-digestion which produces extra CpGp can 
raise the estimated value of G-G-G, and the minimum estimate of 24S^  
of total CpG as G-G-G seems most likely. The primary aim of these
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e x p e r im e n ts  v/as t o  a s c e r t a i n  th e  n a tu r e  o f  sequences  on t h e  3*- s i d e
o f  GpG. Thus t h e  r e s u l t s  i n d i c a t e  q u i t e  c l e a r l y  t h a t  a l l  f o u r
n u c le o s id e s  a r e  found  a s  G-G-N. The r e s u l t s  f o r  H-1 (T ab le  29) a re
s i m i l a r  and w a r ra n t  t h e  same c o n c lu s io n s .
The r e s u l t s  f o r  T^ RNase d i g e s t s  o f  NNA t r a n s c r i b e d
from  c a l f  thymus DNA a re  shown i n  T ab le  30* The v a r i o u s  d i g e s t s
were made a s  f o l lo w s .  The d i g e s t s  r e p r e s e n t e d  i n  columns 1 and 2 o f
T a b le  30 were made a s  d e s c r ib e d  f o r  columns 1 and 2 r e s p e c t i v e l y  o f
32T ab le  2? . These r e s u l t s  show p e r c e n ta g e s  o f  P i n  GpGp and Gp from 
c a l f  thymus DM g e n e r a l l y  low er th a n  th o s e  found f o r  th e  p a rv o v i r u s  
DNA8. o f  p a rv o v i r u s  DNA was u se d  a s  te m p la te  i n  e a c h  RNA
s y n t h e s i s  m ix tu r e ,  v /h ile  2 ^ g  o f  c a l f  thymus DNA was u s e d .  I t  
t h e r e f o r e  seemed p o s s i b l e  t h a t  th e  low r e c o v e r i e s  o f  CpGp and Gp 
i n d i c a t e d  i n t e r f e r e n c e  by th e  l a r g e r  q u a n t i t i e s  o f  DNA w i th  com plete  
d i g e s t i o n ,  r a t h e r  th a n  a g e n u in e  d i f f e r e n c e .
The d i g e s t s  r e p r e s e n t e d  i n  column 3 o f  T ab le  30 were t h e r e f o r e  
made a s  f o l lo w s .  The DNA was f i r s t  removed by i n c u b a t i n g  2 0 0 / r g  
RITA w i th  c r y s t a l l i n e  p a n c r e a t i c  DNase f o r  30 m in. a t  37^0 i n
0 ,3m l o f  a s o l u t i o n  c o n ta in in g  0 ,0 5  M - t r i s - C l ,  pH 7*5? and  5mAI-%S04, 
T h is  was fo l lo w e d  by one c y c le  o f  a c i d  p r e c i p i t a t i o n  a s  d e s c r ib e d  i n  
S e c t io n  2*5«1» and by d i g e s t i o n  w i th  T^ RITase f o r  1 h a t  37^0 
(enzyme: RITA r a t i o  1 ;2 0 ) ,  T h is  p ro c e d u re  gave r e s u l t s  s i m i l a r  t o
th o s e  found b e f o r e .  As a f i n a l  c h eck ,  new p r e p a r a t i o n s  o f  RNA were 
made. In  t h i s  c a s e ,  a f t e r  i n c u b a t io n  w ith  RNA p o ly m e ra se ,  t h e
te m p la te  DNA was removed by t r e a tm e n t  w i th  5 /^  DNase f o r  30 min. a t
h
1 6 2
’ABLE 2 '). FILICTIOHATIO'J /'VoZ-RIIA MJÏE FR0Î1 M'Ail DNA
E xperim ent F r a c t i o n T-] xdla,se T-j RNase 4- e x t r a  
t im e  a t  pH 4 .5
Ti Ü2 RNases
1 CpGp 2 ,1 4 -
Gp 2 5 .17 - ...
2 CpGp 2 .0 5 - 4 .2 5
Gp 22.86 " 5 5 .7 0
3 CpGp 2 .9 9 - 7.11
Gp 25.21 — 67 ,2 0
4 CpGp 2 .4 4 5 .8 4 8 ,52
Gp 28.01 55*16 6 1 ,7 9
5 CpGp 2 .19 5.75 6 ,56
Gp 20 .55 21 ,2 5 48 ,7 5
6 CpGp 2 .8 4 5 .15 6*88
Gp 21 .85 25,51 47 .59
E xp ec ted Gp 2 1 ,6 - 6 5 . 9
Rif A was c o p ie d  from  I-IVM DM , l a b e l l e d  w i th  f  C/-GTP, and
1 àd i g e s t e d  a s  shown. The amounts o f  C fou nd  i n  CpGp and Gp a r e  
shown a s  p e r c e n t a g e s  o f  t o t a l  f o r  s i x  d e t e r m i n a t i o n s .
These e s t im a t e s  a r e  from  RNA po lym erase  n e a re s t -n o ig h b o io r  
a n a l y s e s .
o o Oo o *"™
TABLE 26 . FRACriOrfATIOH OF f'^qZ-RNA MADE FROM CALF THYIOTS DM
E x perim en t F r a c t i o n T  ^ RNase
1 CpGp 1,22
Gp 20,55
2 CpGp 2,26
Gp 26 ,45
E x p ec ted Gp 24 .5
T h is  t a b l e  i s  c o n s t r u c t e d  in  th e  same way a s  th e  p r e v io u s  t a b l e
TABLE 27 . PRACTION.l
OP p  îÿ-RiLAs mm
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FROM me; AR
MISE DIGESTS 
D 1U1 DBAs
L abe l F r a c t i o n MVM
1
MVK
2
H-1
ApGp + (ApjCp)Grp 4.58 4 ,13 4 .5 5
CpCpGp 0.28 0 .4 7 0.51
P,'^^p7 - atp
CpGp 0.85 0 ,7 7 1.14
Between CpGp & Gp 0 .4 2 0 .6 8 0 .4 0
Gp 6 ,5 7 6 .2 8 7 .86
Forw ard  o f  Gp 0 .06 0 .14 0 .1 4
ApGp-h (Ap,Cp)Gp 5.99 1 .89 1 . 60
CpCpGp 0.59 0 .1 9 0 .5 0
P ^ ^ p7 “ïïtp
CpGp 1 .14 0.49 0,59
Between CpGp & Gp 0 ,42 0 .23 0 ,2 0
Gp 16 ,9 8 6.51 , 6 ,8 6
Forw ard  o f  Gp 0 .0 5 0 .2 4 0 .26
ApGp+ (Ap,Cp)Gp 10 .5 8 10 .00 9 .55
OpCpGp O0I7 0.51 0 .2 7
P ^ ^ p7 --gtp
CpGp 2,11 2 .47 2 ,63
Between CpGp & Gp 0 ,0 5 0 ,1 0 0 ,0 8
Gp 5 .2 2 5 .55 5 ,6 8
Forw ard  o f  Gp 0,01 0 .0 2 0 .0 6
ApGp+ (Ap,Cp)Gp 4 .7 9 5,94 5 ,7 0
CpCpGp 0 ,65 0,81 0 ,7 9
/^7^P /-C T P
CpGp 1 .1 8 1.19 0 .9 9
Between CpGp & Gp 0 .56 0 .45 0 .2 4
Gp 4 .7 2 6 .15 4.78
Forw ard  o f  Gp 0 .0 2 0 .2 9 0 .2 2
RÎ'TAs were c o p ie d  f r o n  ViW i. and  H-1 DNAs u s i n g  l a b e l s ,
d i g e s t e d  w i th  T. RNase and  f r a c t i o n a t e d  by e l e c t r o p h o r e s i s  on 
DE.AE-paper a t  pH 1*9* The amounts o f  “P in  th e  compounds shown 
a r e  e x p re s s e d  a s  p e r c e n ta g e s  o f  th e  t o t a l  ^ P i n  each  d i g e s t .
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TABLE 28. FOOTED DATA FOR T-, RNASE DIGESTS 07 RNA LADE FROM IRTl DNA 
PART A ; Ti RITase D ig e s t s  o f  /^52p/...RMs
IRRJ N=G N=C
Sequence CreQo/lo5 
b a s e s
F r e q , / 1 0 5
b a s e s
F r e q , / 1 0^ 
b a s e s
F r e q , / 1 0 5
b a se s
G™C"G-“N 2 ,8 2 1.15 1 .05-%- 2 .56
G-G-N 2 2 .4 14.5 7 .4 1 0 .8
These f r e q u e n c i e s  a r e  c a l c u l a t e d  from  th e  d a t a  o f  T ab le  27
32* C a lc u la t e d  from  P a t  e x t e r n a l  p o s i t i o n  in  CpGp,
PART B : Ti RNase D ig e s t s  o f  /"14c7-RNA
Sequence F req u en cy  
/1 0 5  b a s e s
G-C-G
G-G
5,75
54 '*1 A
mm wcj.s u ’jp-LfcJLL x.L'uiii i'ivi'i DNA u s i n g  C/***GTP. These 
f r e q u e n c i e s  a r e  c a l c u l a t e d  from  th e  d a ta  o f  T ab le  25
PART C : E s t im a te s  o f  G-G F req u en cy
Method F r e q . / 10^ b a s e s
RNA n e a r e s t« n e ig h b o u r  a n a l y s i s 49
T  ^ RNase d i g e s t s  o f  /^^P/-RNAs ( P a r t  A) 55
Ti RNase d i g e s t s  o f  / ^ 4 q/-RNA ( P a r t  D) 54
: E s t im a te s  o f  G-C-G F req u en cy
Method F r e q ./105 b a s e s
%> o f  
t o t a l  G-G
T-j RNase d i g e s t s  o f  /^^py^RRAs ( P a r t  A) 7 ,5 45
Ti RNase d i g e s t s  o f  ( P a r t  B) 5 .75 54
R a t io  o f  i n t e r n a l  t o  e x t e r n a l  ^^P in  
CpGp from  RNA made w i th 4 .1 2 24
A l l  t h e s e  d a ta  r e f e r  to  MVM DNA ( - )  s t r a n d .
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T A B L B  2 9 .  P O O L B D  D A T A  F O R  T - i  R I ' M S S  D I G E S T S  O F  R S A  F A D E  F R O M  K -1  D Î I A
; T-1 RPa se B i a e s t s o f -RNAs
i:-A i‘=U N=G N=C
Sequence F re q . /1 0 5
b a s e s
F req « /1 0 2
b a s e s
P req* /105
b a s e s
P req * /1 0 5
b a s e s
G™G‘“G“”N 5 .77 0 ,8 7 1 0 30 ■:<■ 2 .0 6
G'"G—LT 26*0 15.2 8*8 1 0 .0
These f r e q u e n c i e s  a r e  c a l c u l a t e d  from  th e  d a ta  o f  T ab le  27
32C a lc u la t e d  from  P a t  e x t e r n a l  p o s i t i o n  in  CpGp*
PART B : E s t im a te s  o f  G'-G F requency
Method F r e q , / lO ^  b a s e s
RNA n e a r e s t  "-neighbour a n a l y s i s
T-] Rlfase d i g e s t s  o f  /52p/"RNAs ( P a r t  A)
56
60
PART 0 : E s t im a te s  o f  G-C-G F re au e n cy
Method
T-] RNa.se d i g e s t s  o f  /^^ll/-RNAs ( P a r t  A)
32R a t io  o f  i n t e r n a l  t o  e x t e r n a l  P i n  
CpGp from  RITA made w i th  /^^^P /-G T P
P r e q . /1 0 5
h a s e s
8,00
5.01
of.
t o t a l  C-G
5 5
22
A l l  t h e s e  d a t a  r e f e r  t o  H.*-1 BRA («) s t r a n d ,
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TABLE 3 0 .  FT A C T IO rA T IC j: 0 ?  TE n?ÎAS3 D IG E ST S% W i ' . j J ' i . ■ W f c V  la «  >*»•*< A , |  *  * r e r i e i T * . ^ ' r i » v r » ^ a r v 1 e j t - w e v * W W . V i . »
-52,^7 r / T , ^ g  XA'OS T ’ . R . O ) i  O . u A  TTm.uS DBAOP r p - i
■.TI* « T - n v i A / < i * / * A n * n a N c i o ^ l v , > u v . W '
L abe l F r a c t i o n 1 2 5 4
[ P '^ V j- h .V 9
ApGp + (Ap,Cp)Gp
CpCpGp
CpGp
Between CpGp & Gp 
Gp
Foxward o f  Gp
5 . 8 3
0 . 5 4
0 .29
5 . 7 2
0 , 1 5
0 ,52  
0 .29  
6 , 2 1  . 
0 .19
4 ,42
o . r '
0 .55
0 . 3 0
6 , 3 0
0 .26
5 . 4 5
0 . 3 8
0 , 6 9
0 .75
8 , 1 1
0 .17
ApGp (Ap,Cp)Gp'
CpCpGp
CpGp
Between CpGp & Gp 
Gp
Forw ard  o f  Gp
1 , 5 5
0 . 2 5
0 , 1 4
5 . 7 9
0 , 0 7
0 .29
0 . 2 0
4 ,19
0 , 1 0
1 . 9 8
0 . 1 2
0 . 5 4
0 , 0 8
2 ,29
0 .07
2 . 4 0
0 . 3 0
0 ,62
0 ,46
4 .1 7
0 . 5 5
[P '^ -ÿJ~ Q 4 V 2
ApGp p (Ap,Cp)Gp
CpCpGp
CpGp
Between CpGp & Gp 
Gp
Forw ard  o f  Gp
1 2 . 0 4
1 . 1 1
0 .06
5 . 4 5
0 . 0 1
1 , 0 1
0 .19
5 066 
0 . 0 8
15.67
0 . 5 5
1 ,24
0 . 0 8
5 .9 2
0 ,0 4
15.17
0 ,5 9
1.75
0 .1 0
7 . 4 9
0 .05
p ' ^ ^ y - C T P
ApGp 4' (ApgCp)Gp
CpCpGp
CpGp
Between CpGp & Gp 
Gp
Forw ard  o f  Gp
2 , 8 0
0 . 3 7
0 . 5 2
0 . 1 7
4 ,6 9
0,41  
0,41  
4 .92  
0 ,11
2 . 6 0  
0 . 3 8  
0 . 5 4  
0 ,29  • 
4 . 9 0  
0 . 1 0
5.15
0 .9 7
0 . 8 5
1 oC4 
7 . 5 7  
0 . 4 5
r  3 ?  7RlIAs were c o p ie d  from  c a l f  thymus BRA u s i n g  /p i ' ly -N ÏP  l a b e l s ,
d i g e s t e d  w i th  T. RNase and f r a c t i o n a t e d  by e l e c k r o p h o r e s i s  on
3 2.DEAE-paper a t  pH 1*9. The amounts o f  P i n  th e  compounds shown
32a r e  e x p re s s e d  a s  p e r c e n ta g e s  o f  th e  t o t a l  P i n  each  d i g e s t .
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TA'BLC 51 , POOLED LATA 7 0 1  T-i ERASE 
DIGESTS OF RIIA ILVDE FROM CALF THYLRS DNA
PART A ; Ti R^Iase D ig e s t s  o f  [  ^^pT-RNAs
R=A F-Ii N=G R=C
Sequence F re q * / l0 2 P re q , /1 0 7 F r e a , / l 0 2 P r e q , / lO ^
b a s e s b a s e s b a s e s b a s e s
G—C-^G—N 1.58. 0.81 0 ,5 8 * 0 .8 2
G™G*“*N 17.9 10 ,2 12 .2 9 .4
These f r e q u e n c i e s  a r e  c a l c u l a t e d  from  th e  d a ta  o f  T ab le  50,
32C a lc u la t e d  from  P a t  e x t e r n a l  p o s i t i o n  i n  CpGp,
PART B : Ti IRÎase D i^ p s t s  o f / T  l 7 - m A
Sequence F req uency  
/ I  o5 b a s e s
G-C-G
G-G
5 .72
50
ise
f r e q u e n c i e s  a r e  c a l c u l a t e d  from  th e  d a ta  o f  T ab le  26, 
PART C : E s t im a te s  o f  G-G F req uen cy
Method F r e q . /1 0 5  b a s e s
RNA n e a r e s t - n e i g h b o u r  a n a l y s i s 52
T-j RNase d i g e s t s  o f  -RNAs (P a r t  A) 50
Ti RNase d i g e s t s  o f  /^^C/-RNA ( P a r t  D) 50
PART D : E s t im a te s  o f  G-G-G F re au e n cy
Method F re q . /1 0 5b a s e s
io  o f  
t o t a l  C-G
Ti RNase d i g e s t s  o f  /5^ ‘lÿ-RNAs ( P a r t  A) 5,59 52
Ti RNase d i g e s t s  o f  -RNA ( P a r t  B) 5.72 55
32R a t io  o f  i n t e r n a l  to  e x t e r n a l  P in
CpGp from  RNA made w i th  /Q 52/_gpp 5 .90 55
'1  i ”68
37^0, The RNA was th e n  i s o l a t e d  a s  u s u a l ,  and d i g e s t e d  f o r  1 h a t  
37^0, (enzyme; RNA r a t i o  1 ;1 0 ) ,  T h is  t r e a tm e n t  gave r a t h e r  h ig h e r
3 O
p e rc e n t a g e s  o f  "P in  CpGp and Gp (column 4) b u t  th e  l e v e l s  o f  non-
32s p e c i f i c  background  'P i n d i c a t e d  t h a t  th e s e  were p ro b a b ly  due t o  
n o n - s p e c i f i c  d i g e s t i o n .  The r e s u l t s  f o r  t h e  f i r s t  t h r e e  d i g e s t i o n  
s e t s  were a v e ra g e d .
These mean r e s u l t s  a r e  t r e a t e d  i n  T ab le  31. E s t im a te s  o f  GpG 
f r e q u e n c i e s  from t h e  T^ RNase d i g e s t s  and from n e a r e s t - n e ig h b o u r  
a n a l y s i s  a g re e  w e l l ,  so th e  h ig h e r  e s t im a te s  in  column 4 o f  T ab le  30 
were n o t  c o n s id e r e d  f u r t h e r .  The e s t im a t e s  f o r  G-C-G a l s o  a g re e  
w e l l  ( a l th o u g h  t h a t  b a se d  on th e  /  0 d a ta  o f  T a b l e -26 i s
s u s p e c t  s in c e  i t  was o b ta in e d  by a v e r a g in g  two s u b s t a n t i a l l y  d i f f e r e n t  
e s t i m a t e s ) .  A g a in , a l l  f o u r  s p e c i e s  o f  G-C-G-N a r e  fo u n d .
A l l  T  ^ RNase d i g e s t s  gave some r a d i o a c t i v i t y  i n  t h e  GpGpGp 
f r a c t i o n ,  i n d i c a t i n g  th e  o c c u r re n c e  o f  sequences o f  ty p e  G-C-G-G-N, 
T h is  f r a c t i o n  v/as n o t  i n v e s t i g a t e d  f u r t h e r .  I t  i s  a p p a re n t  from  
F ig u r e s  23 and 24 t h a t  a l a r g e  v a r i e t y  o f  sequences  i s  p r e s e n t  i n  t h e  
RNAs made in  v i t r o  and t h a t  t h i s  sy s tem  co u ld  be u se d  t o  i n v e s t i g a t e  
o t h e r  a s p e c t s  o f  t h e  RNA se q u e n c e s .
4 , 3 , A E xper1 me n ts  wi t  h ÏÏ _ RNa se
S in ce  o n ly  a sm a ll  amount o f  RNase v/as a v a i l a b l e ,  RNase 
d i g e s t s  were made by d i g e s t i n g  f i r s t  w i th  T^ RNase a t  pH 7*5, th e n  
lo w e r in g  th e  pH t o  4»5 and d i g e s t i n g  w i th  RNase, C o n tro l  
i n c u b a t i o n s  a t  pH 4 .5  v / l th o u t  HNase a l s o  gave some f u r t h e r
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breakdown o f  t h e  RNase p r o d u c t s  ( s e e  F i g , 2 3 ) .  The co n tam in an t  
o f  th e  T^ RNase p r e p a r a t i o n s  m ight be T^ RNase, which i s  m axim ally  
a c t i v e  a t  pH 4 . 5  (Egarni, T ak ah ash i  d: U ch ida , I 964 ) .  HNsuse i s  n o t  base
s p e c i f i c ,  b u t  does e x h i b i t  some p r e f e r e n c e  f o r  c le a v a g e  n e x t  t o  3 ’ -  
AMP * I f  th e  c o n ta m in a t in g  a c t i v i t y  i s  T RNase, t h i s  p r e f e r e n c e  
sh o u ld  m in im ise  th e  e x t e n t  o f  u n d e s i r e d  d i g e s t i o n .
The r e s o l u t i o n  o b ta in e d  w i th  e l e c t r o p h o r e s i s  o f  TJ^  RNase d i g e s t s  
o f  /  RNA i s  i l l u s t r a t e d  by Fig* 25* A l l  f r a c t i o n s  n e a r  GpGp
were i n v e s t i g a t e d  by a l k a l i n e  h y d r o ly s i s *  Two peaks  a r e  p r e s e n t  
betw een GpGp and Gp, which were n o t  found w i th  T^ RNase d i g e s t s  (o r  
were d e t e c t e d  o n ly  i n  t r a c e  am o u n ts ) .  These peaks  c o n ta in  G and 
A b u t  t h e i r  se q u en c es  have n o t  been  d e fin ed *
The r e s u l t s  o f  RNase d i g e s t s  can  be checked by methods s i m i l a r
t o  th o s e  o u t l i n e d  f o r  T^ RNase* R a d i o a c t i v i t y  i n  Gp g iv e s  a measure 
o f  t h e  f r e q u e n c y  o f  PupG, R a d i o a c t i v i t y  in  CpGp m easu res  th e  
f re q u e n c y  o f  Pu“ C«G; v a lu e s  f o r  th e  f re q u e n c y  o f  t h i s  sequ en ce  a r e  
a l s o  o b t a i n a b l e  from  p y r im id in e  ru n  d a t a ,  and from  p a n c r e a t i c  d i g e s t  
exp erim en ts*  The amount o f  l a b e l  i n  GpGp and Gp from  c o n t r o l
i n c u b a t i o n s  a t  pH 4»5 sh o u ld  g iv e  some i n d i c a t i o n  o f  t h e  e x t e n t  o f  
n o n - s p e c i f i c  d ig e s t i o n *
The r e s u l t s  o f  RNase d i g e s t s  o f  RNA co p ied  from  MVM MA and
l a b e l l e d  w i th  GTP a r e  shown in  F i g , 23 and T ab le  2 5 * The
r e s u l t s  o f  RNase d i g e s t s  o f  RNAs t r a n s c r i b e d  from  MVM MA
a r e  g iv e n  in  T ab le  32* The c o n t r o l  d i g e s t s  f o r  MVM show t h a t  i n  a l l
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TABLE 52 c Un ILAoE DIOKnTA 0:' HlIA MADE FROL LAR-i MA
Label .F ra c t io n C o n tro l
D ig e s t
T i  - I -  U 2
Eliases
bequencG
i n d i c a t e d
Freq / 1  o5 
b a s e s
P .5 ^ p 7~atp
/ck^^P7“ GTP
/ « ^ ^ p 7--ctp
CpGp
Gp
CpGp
Gp
CpGp
Gp
CpGp
Gp
1,75
8 .4 2
O064
9.25
0 .76  *
4 .5 7
2 ,10
8 .8 7
2 .4 0
18,51
0 .8 9
12,44
1 , 2 9 *
11.05
2 .95
2 1 . 1 2
Pn—G“G—A 
.Pu*"G"-A
Pu, C G"’*U 
Pu-G-U
Pn—G—G—G
Pu-G-G
Pu-C-G-G
PU-G-C
8 , 4
6 4 . 0
2.1
28 .5
2 ,9
25 .0
5 ,8
4 2 , 0
32RNA was c o p ie d  from  LfVM DNA u s i n g  p/-NTP l a b e l s ,  a s  shown,
rid
52,
52The amoimts of P i n  G%)Gp an  Gp in  d i f f e r e n t  d i g e s t s  a r e  g iv e n
a s  p e r c e n t a g e s  o f  th e  t o t a l  P i n  th e  d i g e s t .  The r e s u l t s  in
th e  column headed  " C o n tro l  D ig e s t"  were o b ta in e d  by d i g e s t i n g
w i th  Ti .RNase and th e n  i n c u b a t i n g j  w i th o u t  Ug RNase5 a t  pH 4«5*
The f r e q u e n c i e s  o f  o c c u r re n c e  o f  seq u en ces  ( f o r  Î-IYM ( - )  s t r a n d )
deduced from  th e  Up RNase r e s u l t s  a r e  g iv e n  on th e  r i g h t ,
52C a lc u la te d  from  ' P i n  th e  e x t e r n a l  p o s i t i o n  o f  GpGp. 
E s t im a te s  o f  Pu-G F requency
Method P r e q , / l 0 5  b a s e s
RNA n e a re s t™ n e ig h b o u r  a n a l y s i s 149
U2 RNase d i g e s t s  o f  /-^^P/-RNAs 160
Up RNase d i g e s t s  o f  4c/-RNA 127
E s t im a te s  o f  Pu-C-G F requency
Method P r e q . /1 0 5  b a se s
U: RNase d i g e s t s  o f  /^^P/-RNAs 19,1
.Up RNase d i g e s t s  o f  /"^4g/-.RNA 14*8
P a n c r e a t i c  RNase d i g e s t  o f  /^^P/~-RNA 15 ,0
RNA n e a r e s t - n e i g h b o u r  a n a l y s i s  g iv e s  a  t o t a l  G-G 
f r e q u e n c y  o f  17 t im e s  p e r  105 b a s e s .
17
TABLE 35. Up RNASE DIGESTS OP RNA MADE PROM GALE THYMUS DBA
L abel ia  o f  ^"P
i n  GpGp
Sequence
i n d i c a t e d
P r e q , /1 0 ^
b a s e s
- k ’SV 1 ,00 R1..C-G-A 2 ,9
z£(^^p7 - u ï p 1*25 M-C-G-U 5 .7
^ ^ ^ p7 “ Gt p 0 ,5 0 * PU—C'-'G—G 1,1
7<^^p 7~ctp 1 .25 }?u™ C “G"*0 2 ,5
RNA v/as c o p ie d  from  c a l f  thymus DHA u s i n g  - 'W fV
l a b e l s j  and  d i g e s t e d  w i th  T  ^ and  U^ RHases. The ■
52,
1
amounts o f  ""'"P i n  CpGp i n  d i f f e r e n t  d i g e s t s  a r e  shown
32a s  p e r c e n ta g e s  o f  th e  t o t a l  P i n  th e  d i g e s t .  The
f r e q u e n c i e s  o f  o c c u r re n c e  o f  th e  sequ en ces  deduced
from  th e s e  r e s u l t s  a r e  g iv e n  on th e  r i g h t ,
"32C a lc u la t e d  from  e x t e r n a l  P i n  CpGp.
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c a s e s  some e x t r a  d i g e s t i o n  does o c c u r  on in c u b a t io n  a t  pH 4*5*
T a b le  32 a l s o  shows a b s o l u t e  f r e q u e n c ie s  o f  th e  v a r i o u s  Pu-C»G-H
and Pu“ G‘-N s p e c i e s  i n  th e  I/ïVïil e x p e r im e n t .  The v a lu e  f o r  t h e  t o t a l
f re q u e n c y  of Pu-G-G i s  h ig h  compared w i th  th e  f re q u e n c y  d e r iv e d
from  th e  p a n c r e a t i c  RKase e x p e r im e n t .  I t  t h e r e f o r e  a p p e a r s  t h a t
some n o n - s p e c i f i c  d i g e s t i o n  i s  o c c u r r in g  w i th  M a s e ,  As w i th  th e
T^ RlJase r e s u l t s ,  a l l  f o u r  n u c le o s id e s  a r e  found  on t h e  3 ' - s i d e  o f
GpG* T h e  r e s u l t s  f o r  c a l f  th y m u s  DNA ( T a b l e  3 3 )  a r e  s i m i l a r .  T h e  
32i n c r e a s e s  i n  P found  i n  CpGp o v e r  t h e  c o r re s p o n d in g  T^ RNase 
r e s u l t s  i n d i c a t e  t h a t  a l l  s p e c i e s  o f  A-G-G-K o c c u r .
4«3"5 E x p er im en ts  w i th  P a n c r e a t i c  RNase
RNA t r a n s c r i b e d  from  trVM RNA v/as l a b e l l e d  w i th  ^ o (  GTP
and d i g e s t e d  w i th  p a n c r e a t i c  RNase, T hree  such d i g e s t s  were
f r a c t i o n a t e d  by ch rom atog raphy  on RI'AE-paper. The f i r s t  f r a c t i o n a t i o n
u se d  0 ,2  t i ,  th e  second  0 .0 2  M and t h e  t h i r d  0*22 M-ammonium fo rm a te  i n
7 M -urea, The l a t t e r  two d i g e s t s  were sam ples o f  t h e  same RNA
32p r e p a r a t i o n .  The p e r c e n t a g e s  o f  P found i n  th e  v a r io u s  f r a c t i o n s  
a g re e d  w e l l  f o r  th e  t h r e e  s e p a r a t i o n s  (T ab le  3 4 ) *  The s e p a r a t i o n  
o b ta in e d  w i th  th e  0 ,2 2  M-ammonium fo rm ate  i s  shown i n  F i g . 26* The 
f r a c t i o n s  o f  th e  second  and t h i r d  ru n s  were f u r t h e r  i n v e s t i g a t e d  a f t e r  
e l u t i o n  from  th e  p a p e r .  The p r o p o r t i o n  o f  r a d i o a c t i v i t y  i n  each  I ' -  
m o n o n u c leo t id e  a f t e r  a l k a l i n e  h y d r o l y s i s  o f  each  l e n g t h  c l a s s  v/as 
m easu red . T ab le  3 5  shows th e  amount o f  r a d i o a c t i v i t y  i n  each  
m o n o n u c leo t id e  i n  e ac h  f r a c t i o n  a s  a p e rc e n ta g e  o f  th e  t o t a l  r a d i o a c t i v i t y .
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32The d i s t r i b u t i o n  o f  P e s t im a te d  i n  t h i s  way g iv e s  q u i t e  good
agreem en t w i th  t h e  d i r e c t  n e a r e s t - n e ig h b o u r  a n a l y s i s  r e s u l t s ,  a l th o u g h
32 32
t h e  p e rc e n ta g e  o f  P i n  i s  r a t h e r  low. P i s  found  i n  3
GIvIP i n  a l l  th e  f r a c t i o n s  exam ined, showing t h a t  t h e  sequ en ce  GpG
can o ccu r  i n  a v a r i e t y  o f  p o s i t i o n s  w i th  r e s p e c t  t o  p u r in e  t r a c t s
found  on th e  5^- s i d e .  Sequences o f  th e  form G-G-G f o r  each  l e n g th
c l a s s  were e s t im a te d  by h y d r o ly s in g  sam ples o f  each  l e n g t h  c l a s s
w i th  T^ RNase and m easu r in g  t h e  CtIP r e l e a s e d .  R a d i o a c t i v i t y
was d e t e c t a b l e  i n  GAZP i n  a l l  t h e  d i g e s t s .  However, o n ly  f o r  t h e
32f r a c t i o n  o f  o l i g o n u c l e o t i d e s  lo n g e r  th a n  s ix  were ' P l e v e l s  h ig h  
enough t o  q u a n t i t a t e  t h e  GivIP. In  t h i s  c a se  2 .2 /i  o f  th e
i n  th e  f r a c t i o n  was found  i n  Cî.iP, a s . a g a i n s t  7 » i n  CHP from  a l k a l i n e
h y d r o l y s i s .  T h e r e f o r e ,  a l l  t h e  f r a c t i o n s  i n v e s t i g a t e d  c o n ta in e d  
se q u en c es  r e p r e s e n t i n g  G«G-G, and t h e  " l a r g e  o l ig o n u c l e o t id e "  f r a c t i o n
c o n ta in e d  a b o u t  3(9^ o f  t h e  GpG a s  G-C-G.
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TABLE 5 4 , SEPARATION BY LENGTH OE OLIGONUCLEOTIDES 
IN PANCREATIC RNASS DIGESTS
L ength  o f  
01i g o n u c l e o t i de 
C la s s
S e p a ra t io n  
w i th  0 .22E  
S a l t
S e p a ra t io n  
wiLh 0,2014 
S a l t
S e p a r a t io n  
w i th  0 , 0 2M 
S a l t
t 15.16 15.64 15.58
2 6 . 2 9 4 .86 6 ,1 2
3 16.73 14.31
4 12,86 9 .8 2
5 11,86 11.17 > 78 ,30
6 7 .93 (’ 41 >56> 6 29.16 J
RNA was c o p ie d  from  MVII DNA 'u s in g  /c<^^p7"'GTP, d i g e s t e d  w i th  
p a n c r e a t i c  RNase, and f r a c t i o n a t e d  i n t o  l e n g t h  c l a s s e s  by 
ch rom atography  on DEAE^paper, The amoimts o f  P in  each  
l e n g t h  c l a s s  a r e  e x p re s s e d  a s  p e r c e n ta g e s  o f  th e  t o t a l ,  f o r  
e ach  o f  t h r e e  e x p e r im e n ts  n s i n g  d i f f e r e n t  e l u t i n g  s a l t  
c o n c e n t r a t i o n s ,
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4 . 4  DISCUSSION 01 RSSULT3
4*4»! The Ir in ied ia te  N e ip h h o u r '3 01 CpG Sequences
I n  T ab le  36 a r e  g iv e n  e s t im a t e s  f o r  th e  r e l a t i v e  f r e q u e n c ie s  
o f  o c c u r re n c e  o f  C-G-G-H s p e c i e s ,  i n  îviVlî, K-1 and c a l f  tl'iymus DIIAs, - 
and o f  Pu“ G-G-N s p e c i e s  i n  3IVM and c a l f  thymus DNAs* The v a lu e s  
f o r  G-C»»G-«C and Pu-C-G-Gr a r e  b o th  25/c by th e  most d i r e c t  method
32a v a i l a b l e : -  m easu rin g  th e  r a t i o  o f  i n t e r n a l  to  e x t e r n a l  “P in  GpGp
from  RNA l a b e l l e d  v ; i th  £  ^  G TP, The f r e q u e n c ie s  o f  t h e
o th e r  s p e c ie s  w e r e  th e n  o b ta in e d  by p r o p o r t io n  from th e  d a ta  o f
T a b le s  28, 29 and . I t  i s  c o n s id e r e d  t h a t  d i r e c t  u se  o f  a l l  th e
d a ta  i n  t h e s e  l a t t e r  T a b le s  u n d e r - e s t i m a t e s  t h e  r e l a t i v e  f re q u e n c y  
o f  th e  G-G-G-G and Pu-G-G^G s p e c i e s .
The r e s u l t s  f o r  G-C-G-N s p e c i e s  i n  th e  two p a rv o v i r u s  DliAs 
a r e  q u a l i t a t i v e l y  s i m i l a r :  i n  each  c ase  G-C-G-A i s  th e  moot
f r e q u e n t l y  o c c u r r in g  s p e c ie s  (3 3 ‘-42;i) and G-C-G-T th e  l e a s t  f r e q u e n t  
( lO “ 14'y)^ S im i la r  r e s u l t s  were a l s o  o b ta in e d  f o r  Pu-C-G-N s p e c ie s  
i n  irVIvï DMA, The r e s u l t s  f o r  c a l f  thymus DMA a r e  l e s s  ex trem e: 
w i th  th e  G-C-G-M f r e q u e n c i e s ,  A i s  th e  most common 3' ’^a u c l e o s id e ,  b u t  
w i th  th e  Pu-G-G-M d e te r m i n a t i o n ,  T o c c u rs  most f r e q u e n t l y .  For b o th  
1ÎVÏ/1 and c a l f  thymus DMAs, t h e  Pu-G-G-N s p e c i e s  r e p r e s e n t  most o f  th e  
t o t a l  C-G-M seq u en ces  ( a t  l e a s t  50” 70;y) and a re  p ro b a b ly  s i m i l a r  t o  
th e  r e l a t i v e  f r e q u e n c ie s  o f  C-G-M s p e c i e s .
A lso  shown i n  T ab le  36 a r e  th e  r e l a t i v e  abundances o f  th e  
GpN d o u b le t s ,  i n  each  DMA, as m easured by DMA n e a r e s t - n e ig h b o u r
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TADLi; 36, PSTINATIS O'yC-C-G-M AND Pu-G-G^N 
SPDUNKCPS I!T IiVl':, H»1. AMD .CAP^ P A U J S  DMAs
timates of G-C-G-N Freaucncies
Seouence v r m H-1 Calf
Thymus
G™C—G™A 42 55
G-C-G-T 14 10 21
G-C-G-G 25 25 25
Relative frequencies are as percentages of total G^C-^G^ 
The data for I-rVl'i and H-'l DMAs represent the (-) strands
Estimates of Pu™G-C«*K Rreauencies
Sequence iWi Calf
Tliymus
Pii_c-G-A 58 24
Pu.»C-G-T 11 51
Pu-G-G-G 25 25
Pu—C—G—G 26 20
Relative frequencies are as percentages of total Pu-G-G, 
The data for Midi DMA represents the (-) etrand®
Relative Preauoncies of G-N Sequences
Sequence MVM .H-1 C a lf
Thymus
G~”A 56 55 51
G-T 20 19 26
G-G 22 25 24
G^G 22 22 18
Relative frequencies are as percentages of total G,
These data are derived from RNA nearest-neighbour analysis
“ ““OoOoo—
TABLE 37 * . POOLED DATA FOR RELATIVE
PREOIJGRGIPS UP R-C-C SKGUGNCPo IN GVK )WA
Sequence 96 o f
total
Nearest-
Neighbour
Ï RNA :dna
A—C—G 45 A'"C 58 58
T-G-G u T-G 18 17
G-C-G 25 G-G 25 26
C-O-G •15 C-G 20 19
relative frequencies of R-G-G species ( for
are estimated from results with pyrimidine runs, pancreatic 
RRc.se d i g e s t s ,  and T-] and do %^ase d i g e s t s ,  and are compared 
with estimates for total R-G from nearest-neighbour analyses:
1 GO
a n a l y a i s o  Comparison w i t h  t h s s e  d a ta  shows th ab  t h e  OpN sequences  
found  a s  O-C-O-H and Pa-C-G-K a r e  q u i t e  s i m i l a r  i n  r e l a t i v e  f r e q u e n c y  
t o  t h e  t o t a l  G-M s p e c i e s ,  a l t h o u g h  t h e  low C-G~ï f r e q u e n c y  i n  th e  
p a r v o v i r u s  DMAs i s  n o t  matched by a low t o t a l  GpT f r e q u e n c y .
Good q u a n t i t a t i v e  e s t i m a t e s  o f  t h e  r e l a t i v e  f r e q u e n c i e s  o f  
M-G-G s p e c i e s  c a n n o t  be made from t h e  a v a i l a b l e  d a t a ,  however, by 
p o o l in g  r e s u l t s  f o r  DMA from p y r i m i d i n e  ru n  e x p e r i m e n t s ,  and 
RMase e x p e r i m e n t s ,  and p a n c r e a t i c  RNase e x p e r im e n t s ,  ap p ro x im a te  
e s t i m a t e s  can be made: f o r  MVIu DMA, t h e  r e l a t i v e  f r e q u e n c i e s  of
A-‘C-»G, T-G-G, G-C-G and G-G-G a r e ,  r e s p e c t i v e l y ,  4î3‘y ,  15/^î 25/o and 
I j f o  o f  t h e  t o t a l .  As shown i n  T ab le  37? t h e s e  d a t a  g iv e  a s i m i l a r  
d i s t r i b u t i o n  of  RpC s p e c i e s  t o  e s t i m a t e s  f o r  t o t a l  DpG f r e q u e n c i e s ,  
S ince  c a l f - t i i y m u s  DMA i s  d o u b l e - s t r a n d e d ,  e s t i m a t e s  o f  
M’-G-G s p e c i e s  can be made from t h e  d a ta  f o r  t h e  complementary  
C-G-K s p e c i e s  (T ab le  3 6 ) ,  In  summary, t h e  r e l a t i v e  f r e q u e n c i e s  o f  
t h e  imm edia te  n e ig h b o u rs  o f  GpG i n  ÎOT1 ( - )  s t r a n d  DMA and i n  c a l f  
thymus DMA a r e  c l o s e  to  t h o s e  e x p e c te d  from n e a r e s t - n e i g h b o u r  
a n a l y s i s .  I t  i s  c l e a r  from t h e s e  e x p e r im e n ts  t h a t  i n  n e i t h e r  of 
t h e s e  DMAs i s  t h e  CpG d o u b le t  c o n ta in e d  i n  an u n iq u e  lo n g e r  sequence .
4 ,4 * 2  O l i g o n u c l e o t i d e  N e ighbours  o f  GpG Sequences
The p y r i m i d i n e  ru n  e x p e r im e n ts  g i v e  i n f o r m a t i o n  on s e q u e n c e s ,  
up t o  t h r e e  r e s i d u e s  lo n g ,  on t h e  5 ’ - a i d e  o f  CpG s e q u e n c e s .  The 
q u a n t i t a t i v e  e x a m in a t io n  o f  t h e s e  d a t a  r e q u i r e s  some background  o f  
t h e o r y ,  and i n  t h i s  s e c t i o n  some a s p e c t s  o f  t h e  f r e q u e n c i e s  of  v a r i o u s
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s p e c i e s  e x p e c te d  i n  random sequence  c h a in s  a r e  d e v e lo p ed  and th en  
u s e d  as  r e f e r e n c e s  f o r  t h e  c o n s i d e r a t i o n  of  t h e  e x p e r i m e n t a l  d a t a .  
C o n s ide r  t h e  s e t  o f  p y r im id in e  r u n s  from a DMA c h a in  o f  random 
se q u e n c e .  As i n  S e c t i o n  1 , 2 , 2 ,  t h e  f r e q u e n c i e s  o f  A, T, G and G 
a r e  r e p r e s e n t e d  by a ,  t ,  g  and o.  I s o s t i c h  I  r e p r e s e n t s  sequences  
o f  t h e  ty p e  Pu-Py-Pu  and i t s  f r e q u e n c y  o f  o c c u r re n c e  i s  t h e r e f o r e  
(a*}-g)(c4’t ) ( a - f g ) . S i m i l a r l y  t h e  i s o s t i c h  I I  f r e q u e n c y  i s  
( a f g ) ( o f t ) ( c f t ) ( a f g )  and ,  i n  g e n e r a l ,  t h e  f r e q u e n c y  o f  o c c u r r e n c e  
o f  an i s o s t i c h  n u n i t s  long  i s  g iv e n  by = ( a + g ) ^ ( c t t ) ^ .  T h is  
e q u a t i o n  can be  c o n v e r t e d  t o  lo g  P^ = 2 l o g  ( a f g )  + n l o g  ( c t t )  i , e ,  
p l o t t i n g  l o g  P^ a g a i n s t  n g i v e s  a s t r a i g h t  l i n e  o f  s lo p e  l o g  ( c + t ) .  
S ince  i n  p r a c t i c e  ( c + t )  i s  f r a c t i o n a l ,  lo g  (c-f t)  i s  n e g a t i v e .
S i m i l a r  models can be  d eve loped  f o r  o t h e r  f r a c t i o n s  o f  t h e  DMA, 
I n  e ach  c a s e  t h e  l o g " ^ ( s l o p e )  g i v e s  a measure  o f  t h e  f r e q u e n c y  o f  
o c c u r r e n c e ,  i n  t h e  DMA, o f  t h e  b a s e s  found i n  t h e  r u n s ,  o r ,  i n  o t h e r  
words ,  a measure  o f  t h e  p r o b a b i l i t y  of  a ru n  ( n f l )  u n i t s  lo n g  b e i n g  
formed from a ru n  n u n i t s  lo n g .  I f ,  i n  a r e a l ,  non-random DMA, such  
a p l o t  g i v e s  a s t r a i g h t  l i n e ,  t h e n  t h e  s l o p e  o f  t h e  l i n e  g i v e s  a 
measure  o f  t h e  f r e q u e n c y  o f  t h e  i n t e r n a l  base  c o n s t i t u e n t s ;  t h e  
i n t e r c e p t  on t h e  P ^ - a x i s  i s  o f  l e s s  v a lu e  as  i t  m easures  t h e  t o t a l  
f r e q u e n c y  o f  t h e  end c o n s t i t u e n t s  o f  t h e  r u n s ,  and i n  g e n e r a l  o n ly  
g i v e s  i n f o r m a t i o n  o b t a i n a b l e  by more d i r e c t  means.
P i g , 27 shows t h e  trVM DMA e x p e r i m e n t a l  d a ta  f o r  p y r i m i d i n e  ru n s  
ended w i t h  -C-G and w i t h  -T-G, and f o r  p u r i n e  r u n s  ended w i t h  -C-G 
and w i t h  -T-G, p l o t t e d  a s  l o g  P^ againsb  n ;  I n  each  c a se  t h e  p o i n t s
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f a l l  c lo s e  t o  a s t r a i g h t  l i n e ,  so t h e  model deve loped  above i s  r e l e v a n t  
t o  t h e  d a t a  i n  t h i s  r e s p e c t .  U s in g  d a t a  from n e a r e s t - n e i g h b o u r  
a n a l y s e s ,  lo g  ^ ( s l o p e )  sh o u ld  be 0 . 43 - 0, 46  f o r  t h e  p y r i m i d i n e s  and 
0 , 5 4 “ 0 ,57  f o r  t h e  p u r i n e  r u n s .  The v a lu e s  o b t a i n e d  from  t h e  p l o t s  
a r e  a s  f o l l o w s .
C o n s id e r in g  th e  r u n s  ended w i t h  -C-G, t h e  a d d i t i o n  o f  p y r im id in e s  
o c c u r s  w i th  a f r e q u e n c y  o f  0*37, a g a i n s t  th e  e x p e c te d  r an g e  of  0,43™ 
0 , 4 6 , The a d d i t i o n  o f  p u r i n e s  o c c u r s  w i th  a f r e q u e n c y  o f  0 , 6 ? ,  
a g a i n s t  t h e  e x p e c te d  0 ,5 4 ^ 0 ,57 *  These  two s e t s  o f  d a t a  complement 
each  o t h e r  w e l l ,  g i v i n g  a t o t a l  b a se  v a lu e  of  1, 04  ( 0 ,3 7 ^ 0 ,6 7 )  c lo s e  
t o  t n e  i d e a l  v a lu e  o f  1 , 0 0 ,  I t  i s  t h e r e f o r e  e v id e n t  t h a t  i n  tTOI 
DMA ( - )  s t r a n d ,  t h e  r e g i o n  t o  t h e  5 ' - s i d e  o f  GpG sequ en ces  h as  a  
h i g h e r  p u r i n e  c o n t e n t  t h a n  t h e  b u lk  o f  t h e  DMA; t h i s  phenomenon 
a p p l i e s  a t  l e a s t  t o  t h e  3 r e s i d u e s  t o  t h e  5*"Side  o f  CpG, R e s u l t s  
f o r  s eq uen ces  ended w i t h  -C-G and a l s o  f o r  sequences  ended w i t h  -T«G 
a r e  shown i n  T ab le  38 ,  These g iv e  d i s t r i b u t i o n s  o f  b a s e s  on the  5 ’™ 
s i d e  o f  TpG q u i t e  c l o s e  t o  t h o s e  e x p e c te d  from t h e  t o t a l  base-  
c o m p o s i t io n  o f  t h e  DMA,
These c o n c l u s i o n s  a r e  n o t  dependen t  on a ssu m p t io n s  abou t  the  
r e l a t i o n s  o f  s e q u en c es  i n  MTM DMA t o  th o s e  i n  a random c h a in ;  th e  
model d i s c u s s e d  above m ere ly  p r o v i d e s  a c o n v e n ie n t  framework f o r  
a n a l y s i s  o f  t h e  r e s u l t s .
The a v a i l a b l e  d a ta  were examined f u r t h e r  t o  see  w he ther  any 
d e d u c t io n s  c o u ld  be made on t h e  n a t u r e  o f  t h e  asymmetry t o  t h e
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5*™side o f  CpGo F i g . 26 shows p l o t s  f o r  a l l - T  and a l l - C  r u n s  t o  
t h e  5 - s i d e s  o f  GpG and TpG se q u e n c e s .  The r e  si . I t s  from t h e s e  
p l o t s  a r e  a l s o  shown i n  T ab le  38. F i r s t ,  t h e  r e s u l t s  f o r  ru n s  
n e x t  t o  TpG a r e  q u i t e  c l o s e  t o  t h o s e  e x p ec te d  from t h e  t o t a l  b a se  
c o m p o s i t io n  o f  t h e  DMA, The r e s u l t s  f o r  a l l - T  r u n s  n e x t  t o  GpG 
a r e  a l s o  a s  e x p e c te d  from t h e  o v e r a l l  base  c o m p o s i t io n ,  w h i l e  a l l - G  
r u n s  a d j a c e n t  t o  GpG a r e  o n ly  s l i g h t l y  l e s s  f r e q u e n t  t h a n  p r e d i c t e d .  
The a l l - T  and a l l - G  r u n s  n e x t  t o  GpG t o g e t h e r  g iv e  a ( c i t )  v a lu e  of  
0 , 4 2 , a s  a g a i n s t  t h a t  0 ,3 7  p r e d i c t e d  from th e  (Py)^*-G»G d a t a .  T h is  
v a lu e  o f  0 . 42  i s  c l o s e  t o  t h e  DMA b a se  co m p os i t ion  p r e d i c t i o n  of  
0 , 43- 0*46 from n e a r e s t - n e i g h b o u r  a n a l y s e s .
These d i s c r e p a n c i e s  can be a c c o u n te d  f o r  i n  t ioree  ways.  F i r s t ,  
t h e  d a t a  f o r  a l l - T  and a l l - G  r u n s  may be l e s s  p r e c i s e ,  a s  low 
t o t a l  f r e q u e n c i e s  p e r  DMA m olecu le  were i n v o lv e d .  Second, th e  
p y r i m i d i n e  r u n s  o f  low f r e q u e n c y  i m p l i e d  by t h e  a n a l y s i s  o f  F i g , 2? 
may be mixed G and T s p e c i e s .  T h is  p o s s i b i l i t y  can n o t  be t e s t e d  
w i t h  t h e  a v a i l a b l e  d a t a .  The l a s t  p o s s i b i l i t y  i s  t h a t  t h e  v a lu e  
o f  0 , 37  f o r  t h e  p y r i m i d i n e  f r e q u e n c y  i n  t h e  r e g i o n  t o  t h e  5*- s i d e  
o f  GpG may be e r r o n e o u s .  T h is  i s  u n l i k e l y  s i n c e  d a t a  from two 
in d e p e n d e n t  s o u r c e s  a g re e  q u a n t i t a t i v e l y .
I t  t h e r e f o r e  a p p e a r s  t h a t  t h e  b i a s  i n  base  c o m p o s i t io n  i s  r e a l ,  
and s e v e r a l  p o i n t s  f o l l o w .  F i r s t ,  t h e  b ia s  might be p e c u l i a r  t o  
sequ en ces  ended w i t h  GpG, o r  i t  m ig h t ,  f o r  i n s t a n c e ,  a l s o  be found 
f o r  CpA, T h is  p o i n t  c o u ld  be t e s t e d  w i th  d a ta  f o r  p,-\a:imidine r u n s  
n e x t  t o  A, b u t  t h e  a v a i l a b l e  d a t a ,  d e r i v e d  from r a t i o s , i s
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r o t  a d e q u a te  f o r  t h i s  p u rp o s e ,
N e x t ,  i t  i s  o f  i n t e r e s t  t o  a s c e r t a i n  whether  s i m i l a r  t r e n d s  
e x i s t  i n  c a l f  thymus DMA, Here t h e  r e l e v a n t  d a ta  a r e  i n c o m p l e t e .
The o n ly  d a ta  f o r  se q u en c es  o f  t h e  ty p e  (Py)^^“ 0“*G and ( P y )^ “T«-G 
a r e  f o r  n e q u a l l i n g  1 and 2. The r a t i o  of  Pu-Py-G-G t o  Fu-G-G 
g i v e s  a p y r i m i d i n e  f r e q u e n c y  v a lu e  o f  0 , 4 2 , w h i le  t h e  c o r r e s p o n d i n g  
v a lu e  f o r  TpG i s  0 ,49?  a g a i n s t  e x p e c te d  v a lu e s  o f  0 ,5 0  i n  each  c a s e .  
S ince  each  o f  t h e s e  v a l u e s  i s  b a sed  on two p o i n t s  o n ly  t h e y  must be 
t r e a t e d  w i t h  c a u t i o n .  However, t h e y  a r e  c o n s i s t e n t  w i t h  t h e  view 
t h a t  sequen ces  t o  t h e  5 ' - s i d e  o f  TpG have t h e  base  c o m p o s i t io n  
e x p e c te d  from v a lu e s  f o r  t h e  t o t a l  MA, w h i le  t h o s e  t o  t h e  5 ' - s i d e  
o f  CpG a r e  p u r i n e  . r i c h .
O the r  d a ta  a r e  a l s o  c o n s i s t e n t  w i t h  t h i s  view o f  t h e  GpG 
s u r r o u n d i n g s , P l o t s  o f  a l l - G  r u n s  n e x t  t o  GpG and a l l - T  r u n s  
n e x t  t o  TpG g iv e  f r e q u e n c i e s  o f  0 , l 6  f o r  G ne x t  t o  CpG and 0 ,2 6  f o r  
T n e x t  t o  TpG 0^'ig, 2 9 ) ,  F i n a l l y ,  u . v ,  d a t a  f o r  a l l - G  and f o r  a l l - T  ru n s  
g iv e  f r e q u e n c i e s  f o r  G and T o f  0 ,2 3  and 0 ,2 8  r e s p e c t i v e l y ,  c lo s e  t o  
t h e  v a lu e s  e x p e c te d  from t h e  t o t a l  b a se  composit ion#
These d a ta  a r e  n o t  c o n c l u s i v e ,  b u t  a r e  c o n s i s t e n t  w i th  a b ase  
f r e q u e n c y  d i s t r i b u t i o n  t o  t h e  5 ' - s i d e  o f  CpG, i n  c a l f  thymus DMA, 
s i m i l a r  t o  t h a t  found  i n  ITVll DMA, I n  d o u b l e - s t r a n d e d  DMA, such  a 
sequence  b i a s  can be e i t h e r  symmetr ic  ( t h a t  i s ,  t h e  b i a s  can be found on 
b o t h  s t r a n d s  a d j a c e n t  to  a p a i r  o f  GpG d i n u c l e o t i d e s ) , or  asym metr ic  
( i , e ,  found on one s t r a n d  only^* I n  t h e  f i r s t  c a s e ,  t h e  phenomenon would 
c e r t a i n l y  be d e t e c t e d  by e x h a u s t i v e  e x p e r im e n ts  s i m i l a r  t o  t h o s e
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Series log *(slope)
(Py)^^-C~G 0.57
(Py)^-T-G 0,51
(Pu) -C~G '  n 0,67
(Pu) --a'-G 
 ^ n 0 ,6 0
(c )  -C-G n 0 ,1 7
(T) ~T~G 0 ,5 0
( t ) - c- g
' n 0, 25
(C) -T~G ' 
 ^ n 0,25
These d a t a  r e f e r  t o  fiV?I DM ( - )  s t rand . j  and were o b t a i n e d  from
th e  p l o t s  i n  F ica ires  27 and 2 8 o The b e s t  s t r a i g h b  l i n e  t h r o u g h
each s e t  o f  p o i n t s  was found  by an unw eigh ted  l e a s t - s q u a r e s
«."I
p r o c e d u r e 0 The v a l u e s  o f  l o g  ( s l o p e )  g iv e  a  measure  of t h e  
f r e q u e n c y  i n  each  s e r i e s  o f  t h e  b a se  s p e c i e s  i n  p a r e n t h e s e s .
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FTOTr-r g n ,  01-' 0CCURm^l:C--7 I'^ DJIA 0 ?  THE
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d .
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d
g
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V a l u e  o f  n Value  o f  n
See F igs  27 f o r  d e t a i l s
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FIGURO 09* FTi.lOi^FFGXyS 0 '^ OCCOSRFGCO IN CAJI  ^ THYMJO 
DNA 0 /  FHO OAlilAS (C) .-C-G  ANA (T) -O^G
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Value o f  n
T h is  Fig 'ure  was c o n s t r u c t e d  i n  t h e  same way a s  F i g s  
27 and 28, and r e p r e s e n t s  c a l f  thymus DNA,
189
a l r e a d y  u s e d .  I n  t h e  second c a s e ,  any such t r e n d  on one s t r a n d  
might n o t  be v i s i b l e  u s i n g  a d o u b l e - s t r a n d e d  MA,
As m ent ioned  e a r l i e r ,  W estphal  ( 1970 ) has  d e s c r i b e d  a method 
f o r  f r a c t i o n a t i n g  t h e  s t r a n d s  o f  SV/jO MA, Sequences i n  t h i s  
sys tem  c o u ld  be i n v e s t i g a t e d  f o r  each  s t r a n d  e i t h e r  by u s i n g  th e  
s e p a r a t e d  s t r a n d s  a s  t e m p l a t e s  f o r  MA p o ly m e rase ,  o r  by u t i l i s i n g  
d i r e c t l y  t h e  RNA p roduced  by asym m etr ic  t r a n s c r i p t i o n  o f  t h e  SV4O 
DNA w i t h  E p^o H  RNA po lym erase  (W es tph a l ,  I 970)» With  such  a 
s m a l l ,  d e f i n e d ,  d o u b l e - s t r a n d e d  MA, t h e r e  i s  an a d d i t i o n a l  
p o s s i b i l i t y  f o r  t h e  asym m etr ic  model d e s c r i b e d  a b o v e : -  t h e  asymmetry 
a t  d i f f e r e n t  CpG s i t e s  might  be p r e s e n t  a lways on one s t r a n d  o f  t h e  
MA, o r  i t  c o u ld  be found  on b o t h  s t r a n d s .
I n  c o n c l u s i o n ,  s e q u en ces  t o  t h e  5 ' “ Side  o f  GpG i n  W M  («•) s t r a n d  
DNA a r e  p u r i n e  r i c h .  The n a t u r e  o f  t h e s e  low f r e q u e n c y  p y r im id in e  
seq u ences  has  n o t  been  d e f i n e d .  T h is  phenomenon e x te n d s  t o  3 or  4 
r e s i d u e s  t o  t h e  5*“ S ide  o f  CpG, I t  i s  n o t  known w h e th e r  t h i s  b i a s  
i s  p e c u l i a r  t o  CpG o r  i s  found  f o r  a l l  CpPu se q u e n c e s .  These  r e s u l t s  
im ply  t h a t  i n  MW (-i-) s t r a n d  th e  CpG seq uences  l i e  t o  t h e  5 ' - s i d e  of  
p y r i m i d i n e  r i c h  r e g i o n s .  While t h e  d a t a  f o r  c a l f  tliymus DNA a r e  l e s s  
e x t e n s i v e ,  t h e  r e s u l t s  a v a i l a b l e  s u g g e s t  t h a t  a s i m i l a r  b i a s  e x i s t s  
i n  t h i s  c ase  a l s o .
4 ' 4 " 3  P y r im id in e  Runs i n  C a l f  Thymus DNA
The d a ta  o b t a i n e d  from t h e  d e t e r m i n a t i o n  o f  p y r i m i d i n e  r u n s  
ended w i t h  G i n  c a l f  thymus DNA can be u sed  t o  e x te n d  o t h e r
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o b s e r v a t i o n s  on t h e  n a t u r e  o f  p y r i m i d i n e  sequences  i n  c a f f  thymus 
DNA.
I n  t h e  p y r i m i d i n e  ru n  e x p e r i m e n t s ,  t h e  u . v .  b a ckgrounds  gave 
e s t i m a t e s  o f  t h e  p r o p o r t i o n s  o f  c a l f  thymus DMA p y r i m i d i n e s  found  
i n  v a r i o u s  i s o s t i c h s .  These d a ta  r e p r e s e n t e d  t h e  t o t a l  base  
c o n t e n t  o f  each  i s o s t i c h  s p e c i e s ,  and t o  o b t a i n  t h e  " f r e q u e n c y  of  
o c c u r r e n c e "  u n i t s  u se d  e l s e w h e re  i n  t h i s  d i s c u s s i o n ,  i t  i s  
n e c e s s a r y  t o  d i v i d e  t h e  b a se  c o n te n t  o f  each  i s o s t i c h  f r a c t i o n  by 
t h e  i s o s t i c h  number,  and e x p r e s s  e ach  v a lu e  o b t a i n e d  i n  t h i s  way a s  
a f r a c t i o n  o f  t h e  t o t a l  f o r  a l l  i s o s t i c h s  i . e .  t h e  v /e ight  a v e ra g e  
f r e q u e n c i e s  a r e  c o n v e r t e d  i n t o  number a v e rag e  f r e q u e n c ie s - .  •
These d a ta  a r e  t h e n  p l o t t e d  a s  lo g  a g a i n s t  n a s  b e f o r e  
( F i g . 30 ) .  As was p r e v i o u s l y  n o t e d  by Spencer  & G h a rg a f f  ( 1963b) ,  
t h e  f r e q u e n c i e s  o f  t h e  f i r s t  t h r e e  i s o s t i c h s  a r e  lower  t h a n  e x p e c te d  
f o r  a random sequence  c h a i n ,  bu t  i s o s t i c h s  more t h a n  f o u r  u n i t s  long  
a r e  more f r e q u e n t  t h a n  e x p e c t e d .  T h is  f e a t u r e  i s  p e c u l i a r  t o  
v e r t e b r a t e  DNA, The a n a l y s i s  can be e x te n d e d .  The f i r s t  t h r e e  
i s o s t i c h s  g i v e  a l i n e  p a r a l l e l  t o  t h e  random e x p e c t a t i o n  l i n e ,  and 
so do i s o s t i c h s  VI t o  V I I I .  I s o s t i c h s  IV and V form t h e  t r a n s i t i o n .  
I n  o t h e r  words ,  t h e  r e l a t i o n s  between th e  f r e q u e n c i e s  o f  t h e  f i r s t  
t h r e e  i s o s t i c h s  a r e  t h o s e  p r e d i c t e d  by random com b in a t io n  
c o n s i d e r a t i o n s .  T h is  i s  t r u e  a l s o  f o r  i s o s t i c h s  W , V II  and V I I I ,  
These d a ta  i n d i c a t e  t h a t  t h e r e  i s  i n  th e  DNA a g r e a t e r  number of  
some p y r i m i d i n e  seq uen ces  f o u r  and f i v e  u n i t s  t h a n  would be e x p e c te d  
on a random b a s i s .  T h i s  e x c e s s  d e p r e s s e s  the  r e l a t i v e  f r e q u e n c y  of
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t h e  f i r s t  t h r e e  i s o s t i c h s  and e l e v a t e s  t h e  f r e q u e n c i e s  o f  lo n g e r
i s o s t i c h s  which c o n t a i n  t h e  h i g h  f r e q u e n c y  sequences  a s  p a r t  o f
t h e i r  t o t a l  l e n g t h .
The d a ta  o b t a i n e d  by l a b e l l i n g  c a l f  thymus DNA w i t h  /* ^  ^ -  
dGTP a l lo w  a s i m i l a r  p l o t  t o  be made f o r  ru n s  ended w i t h  G ( P i g . g l ) ,  
T h is  shows t h e  same f e a t u r e s  a s  t h e  p l o t  f o r  a l l  r u n s  a n d ,  by 
s u b t r a c t i o n ,  i t  can be shovm t h a t  a s i m i l a r  s i t u a t i o n  e x i s t s  f o r  
r u n s  ended w i th  A. T h is  a n a l y s i s  o f  c a l f  thymus DNA does  n o t ,  
t h e r e f o r e ,  r e v e a l  t h e  s o u rc e  o f  t h e  asymmetry.  As i s  a l s o  shown 
i n  F i g , 31, t h i s  p a t t e r n  i s  no t  shown by &TVM DNA, which g i v e s  a 
w ide r  s c a t t e r  o f  f r e q u e n c i e s .  T h is  s c a t t e r  i s  p e rh a p s  t p  be 
e x p e c te d  f o r  such  a sm a l l  DNA,
The s e p a r a t i o n  o f  i s o s t i c h s  i n t o  b a se  c o m p o s i t io n  f r a c t i o n s  
sh o u ld  g i v e  some i n d i c a t i o n  o f  t h e  n a t u r e  o f  t h e s e  b a se  se q u e n c e s .
I n  T ab le  39 a r e  shown, f o r  i s o s t i c h s  I  t o  IV, t h e  r e l a t i v e  p r o p o r t i o n s  
o f  th e  f r a c t i o n s  i n  each  i s o s t i c h .  The f i r s t  column shows t h e  
r e l a t i v e  amounts o f  t h e  v a r i o u s  s p e c i e s  e x p e c te d  i n  a random 
sequence  d o u b l e - s t r a n d e d  DNA o f  4^;^ (G^C) c o n t e n t .  The second  
column shows t h e  r e l a t i v e  amounts o f  u . v .  f r a c t i o n s ,  a v e r a g e d  from 
t h e  d a ta  g iv e n  i n  T ab le  18, and t h e  t h i r d  column, a l s o  from Table  
18, shows t h e  r e l a t i v e  f r e q u e n c i e s  o f  s p e c i e s  ended w i t h  G. The 
u . v .  dat£. show t h a t  t h e  e x c e s s  seq u ences  i n  t h e  l o n g e r  i s o s t i c h s  a r e
G r i c h  se q u e n c e s .  T h i s  a p p l i e s  a l s o  t o  t h e  r e s u l t s .  In
p a r t i c u l a r ,  t h e  f r e q u e n c y  o f  Pu-G-C-G-G-G app ro a ch e s  t h a t  e x p e c te d  
on a random b a s i s .
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TABLE 59* PYRIMIDINE ISOSTICHS IK CALF TRYMÜS MA
S p e c ie s Random A l l  Runs Runs 
n e x t  t o  G
G 42 41 16
T 58 59 84
b 18 18 5
CT 49 55 58
b 54 50 57
b 7/ 15
2
CgT 55 55 50
CTg 42 55 44
' b
20 22 24
b 5 7 2
C,T
J 17
21 17
56 52 54
Cl’p 55 27 54
' 4
12 12 14
The f i r s t  column shows th e  p r o p o r t i o n s  of  base  c o m p o s i t i o n  
f r a c t i o n s  o f  p y r im id in e  i s o s t i c h s  e x p e c te d  i n  a  random 
se q u e n c e ,  d o u b l e - s t r a n d e d  MA o f  42^  (G-i-C)? f r e q u e n c i e s  a r e  
a s  p e r c e n t a g e s  o f  th e  t o t a l  m a t e r i a l  i n  each i s o s t i c h .  The 
second and t h i r d  columns , i n  th e  same way, show d a t a  fo r -  
t o t a l  p y r im id in e  i s o s t i c h s ,  and d a t a  f o r  i s o s t i c h s  w i th  G as  
3 ’“n e i g h b o u r , i n  c a l f  thymus DNA, These d a t a  a r e  b a sed  on 
T ab le  18,
19)
PY:ni:i :^T)r:  i :y .y" 9 cy3 i i  Y-Ypiijs
10
■H
oo
i.
4 5 6
I s o s t i c h  Leng^ch
8
The f r e q u e n c y  o f  each pyr i i i i id inc  i s o s t i c h  i n  c a l f  thymus ONAj ,as 
numbe-r o f  c o p ie s  p e r  100 b a se s  i n  t h e  DNA, i s  p l o t t e d  on a  
l o g a r i t h m i c  s c a l e  a g a i n s t  th e  i s o s t i c h  number= The f i l l e d  c i r c l e s  
r e p r e s e n t  t h e  e x p e r i m e n t a l  v a lu e s ^  and thu s t r a i g h t  l i n e  . r e p r e s e n t s  
t h e  random f r e q u e n c y  e x p e c t a t i o n  f o r  i s o s t i c h s  from a  d o u b l e -  
s t r a n d e d  DNA,
■1
' n u :  TDir:-] i - o i u i c n s
2 5
2S
.o
CALF AHYUUS 
DNA .
MYM (-) STRAND 
D M
This fi/j/ure is constructed in the same way as- Air-, '50* The freauency 
of occurrence of each fraction is e.rpressod as a percentage of the 
incornorated into DNA from ^"'^'"dGTIA The lines represent 
x\andom expectatiozi; for this piirnose liVH (-) strand DKA is assiçnod 
an (A-'.’G) content of from DNA polymerase nearest-neighbour
analysis ^
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The e x c e s s  o f  o b se rv e d  over  e x p e c te d  f r e q u e n c i e s  o f  i s o s t i c h s  
l o n g e r  t h a n  5 u n i t s  i n  c a l f  tliymus DNA i s  t h u s  due t o  t h e  h i g h  
f r e q u e n c y  o f  G r i c h  r u n s .  T h is  phenomenon does n o t  a p p ly  t o  th e  
t r e n d s  d i s c u s s e d  i n  th e  l a s t  s e c t i o n ,  s i n c e  t h o s e  were co n ce rn e d  
w i th  s h o r t e r  s e q u e n c e s .  An i n t e r e s t i n g ,  though  i s o l a t e d ,  
o b s e r v a t i o n  i s  t h a t  t h e  f r e q u e n c y  o f  Pu-G-C-G-G-G a p p ro a c h e s  random 
e x p e c t a t i o n .  I t  i s  p o s s i b l e  t o  use  t h e s e  d a ta  t o  make a model f o r  
t h e  d i s t r i b u t i o n  o f  CpG i n  c a l f  tliymus MA as  f o l l o w s :  t h i s  i s
s p e c u l a t i v e  i n  a s  much as  i t  a g r e e s  w i th  th e  o b se rv ed  f a c t s  b u t  i s  
n o t  p roven  by them.
I n  c a l f  thymus DNA t h e  lov/ f r e q u e n c y  o f  t h e  f i r s t  twO i s o s t i c h s  
can be a c c o u n te d  f o r  by su p p o s in g  t h a t  t h e  on ly  se q u en c es  r e s t r i c t e d  
a r e  t h o s e  w i th  G from GpG a s  3 ’ ‘^ t e r m i n a l .  I t  has  been  o b se rv e d  by 
B ur ton  & P e t e r s e n  (196O) and by D o sk o c i l  & Sorm (1962)  t h a t  i n  a c i d  
d i g e s t s  o f  c a l f  thymus DNA t h e  s p e c i e s  CpT i s  more common t h a n  TpG: 
t h i s  o b s e r v a t i o n  a l s o  can be e x p l a i n e d  q u a n t i t a t i v e l y  a s  a 
consequence  o f  low CpG s e q u e n c e s .  The low l e v e l  o f  CpG and t h e  
e x c e s s  o f  lo n g e r  seq u en ces  r i c h  i n  C may, t h e r e f o r e ,  be complementary  
a s p e c t s  o f  t h e  same phenomenon.
4 . 4*4 M é t h y la t i o n  and F u n c t io n
D o s k o c i l  & Sorm ( 1962 ) e s t i m a t e d  t h a t ,  i n  c a l f  thymus DNA, i n  
t h e  se q u en c es  o f  form Pu-G-Pu 11^ o f  t h e  t o t a l  G was m e t h y l a t e d ,  and 
was n e x t  t o  G, and i n  Pu-G-C-Pu ^ / t  o f  t h e  3*"C was m e t h y l a t e d ,  and
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was n e x t  t o  G, I t  can be c a l c u l a t e d  from the  p r e s e n t  r e s u l t s  t h a t
i n  c a l f  ttiyraus DNA, l6'y o f  Pu-C-Pu i s  found a s  Pu-G^G, and 12/o of
Pu-G-G-Pu as  Pu-C«G-G, These e s t i m a t e s  a g re e  q u i t e  w e l l  w i th  t h o s e  
o f  D o sk o c i l  & Sorm ( 1962 ) assuming t h a t  a l l  MeC o c c u r s  i n  th e  
sequence  MeC-G, However, t h e  h i g h e r  v a lu e s  f o r  GpG se q u en c es  may
i n d i c a t e  t h a t  n o t  a l l  G i n  GpG i s  m e t h y l a t e d ,  a s  was p r e v i o u s l y
supposed .  A r i g o r o u s  t e s t  o f  t h i s  p o s s i b i l i t y  would r e q u i r e  
d e t e r m i n a t i o n s  o f  t h e  two s p e c i e s  made on t h e  same e x p e r i m e n t a l  
m a t e r i a l  and by s i m i l a r  m ethods.
The s i m p l e s t  h y p o t h e s i s  t o  e x p l a i n  t h e  m e t l iy l a t io n  p a t t e r n  i s  
t h a t  CpG com p r ise s  t h e  whole m é t h y l a t i o n  s i t e  f o r  t h e  DNA, m e th y la s e s  
o f  mammals. S ince  t h e  d a t a  on t h e  s u r r o u n d in g s  o f  CpG show t h a t  
GpG se q u en c es  a r e  n o t  found  i n  o n ly  one o r  a few l o n g e r  s e q u e n c e s ,  
t h i s  h y p o t h e s i s  seems r e a s o n a b l e .
The d a t a  do n o t  g i v e  any c lu e  t o  t h e  f u n c t i o n  o f  t h e  low CpG 
l e v e l s :  t o  say  t h a t  i t  s e r v e s  a s  an un ique  m é t h y l a t i o n  s i t e  o n ly
removes t h e  p rob lem  o f  f u n c t i o n  one s t e p .  They do ,  however ,  
i n d i c a t e  t h a t ,  i f  t h e  GpG seq uen ces  p r e s e n t  have a p o s i t i v e  f u n c t i o n ,  
t h e n  t h i s  f u n c t i o n  i s  in d e p e n d e n t  o f  n e ig h b o u r in g  s e q u e n c e s ,  u n l e s s  
i n  a way depen d in g  on a b i a s  o f  b a se  co m p o s i t io n  r a t h e r  t h a n  an 
u n iq u e  b ase  se q u e n c e .  The d a t a  a l s o  do n o t  g iv e  any i n f o r m a t i o n  on 
t h e  r o l e  o f  t h e  CpG se q u en c es  i n  p r o t e i n - s p e c i f y i n g  DNA,
C o n c e iv ab ly  t h i s  c o u ld  e v e n t u a l l y  be r e s o l v e d  by seq uence  s t u d i e s  on 
mammalian raïïîIASi
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la  C u r re n t  c o n c e p ts  o f  genome s t r u c t u r e  and f u n c t i o n  i n  b a c t e r i a ,
v i r u s e s  and e u c a r y o t i c  c e l l s  a r e  d i s c u s s e d .  The t e c h n iq u e  o f  
n e a r e s t - n e i g h b o u r  a n a l y s i s  and i t s  a p p l i c a t i o n s  a r e  d e s c r i b e d .
2 .  N e a r e s t - n e i g h b o u r  p a t t e r n s  and b ase  com po s i t io n s  o f  t h r e e
p a r v o v i r u s  MAs i n d i c a t e  t h a t  t h e s e  DKAs a r e  s i n g l e  s t r a n d e d .  
Llany f e a t u r e s  o f  t h e s e  n e a r e s t - n e i g h b o u r  p a t t e r n s  a r e  s i m i l a r  
t o  t h o s e  o f  v e r t e b r a t e  MA and p a p o v a v i ru s  DNA,
3# The n e a r e s t - n e i g h b o u r  p a t t e r n s  o f  DNAs from e i g h t  human
a d e n o v i r u s e s  a r e  v e ry  s i m i l a r .  A par t  from t o t a l  b a se
co m p o s i t io n  c h a n g e s ,  no d i f f e r e n c e s  were found  between DNAs o f  
t h e  n o n -o nco g en ic  group  (Ad 2, 4 and 2 7 ) ,  t h e  w e ak ly -o n co g e n ic  
group (Ad 7 y 11 and 21) and t h e  h i g h ly - o n c o g e n i c  g roup  (Ad 12 
and 1 8 ) ,
4 ,  N e a r e s t - n e i g h b o u r  p a t t e r n s  f o r  th e  DNAs o f  E u b a c t e r i a  a r e
s i m i l a r ;  a d i s t i n c t  p a t t e r n  i s  found  f o r  DNA from t h e  
p h o t o s y n t h e t i c  b a c t e r i u m  K h o d o s p i r i l iu m  rubruni.
5» The n e a r e s t - n e i g h b o u r  p a t t e r n s  o f  DNA from A s p e r g i l l u s  n i d u l a n s
and from D ro s o p h i l a  m e la n o g a s t e r  a r e  c lo s e  t o  random. DNA from 
Rana c a t e s b e i a n a  h as  a h i g h l y  non-random p a t t e r n  w i t h  a lov/ 
f r e q u e n c y  o f  t h e  sequence  CpG. T h is  p a t t e r n  i s  c h a r a c t e r i s t i c
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o f  DNAs from a l l  c l a s s e s  o f  v e r t e b r a t e s  examined.
6 .  The n e a r e s t - n e i g h b o u r  p a t t e r n  o f  mouse main band D1\A i s  c lo s e
t o  t h a t  o f  t h e  t o t a l  DNA, b u t  mouse s a t e l l i t e  DNA shows q u i t e
a d i f f e r e n t  p a t t e r n .  O ther  f e a t u r e s  o f  th e  s a t e l l i t e  DKA a r e  
c o r r e l a t e d  w i t h  t h e  n e a r e s t - n e i g h b o u r  a n a l y s i s .
7- T h e o r e t i c a l  models a r e  p r e s e n t e d  f o r  th e  n e a r e s t - n e i g h b o u r  
p a t t e r n  o f  E s c h e r i c h i a  c o l i  DNA, and i t  i s  shown t h a t  t h e s e  
models a c c o u n t  a d e q u a t e l y  f o r  th e  o bse rved  p a t t e r n . Models
f o r  v e r t e b r a t e  DNA show t h a t  th e  low CpG f r e q u e n c y  e x e r t s  a 
s t r o n g  i n f l u e n c e  on t h e  o v e r a l l  p a t t e r n .
8 .  E x p er im en ts  a r e  d e s c r i b e d  i n v e s t i g a t i n g  t h e  sequence
env ironm ent  o f  GpG d i n u c l e o t i d e s  i n  v e r t e b r a t e  and v i r u s  DNAs, 
A l l  f o u r  b a s e s  a r e  found as  immedia te  n e ig h b o u rs  o f  GpG i n
p a r v o v i r u s  DNA and c a l f  thymus DNA. I n  p a r v o v i r u s  DNA t h e
seq uences  t o  t h e  3 ' - s i d e  o f  CpG a r e  p y r im id in e  r i c h ,  and  t h i s  
may a l s o  a p p ly  t o  c a l f  bliymus DNA,
9.  Some f e a t u r e s  o f  t h e  s e t  o f  p y r i m i d i n e  r u n s  from c a l f  tliymus 
DNA a r e  d i s c u s s e d ,
10. The s i g n i f i c a n c e  o f  t h e  f i n d i n g s  w i t h  GpG and p o s s i b l e  f u n c t i o n s  
o f  t h e  low CpG phenomenon a r e  d i s c u s s e d .
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SOKE BASE SEQUENCE CHARACTERISTICS O F DEOXYRIBONUCLEIC ACIDS
Dunoan J. MoGeoch
k?
: %
Neareat-Walghbour Analvees i Some aapecte of ba#e Bequences In DKAb from 
different sources were examined by nearest-neighbour analysis.
The nearest-neighbour patterns and base compositions of three parvo­
virus DMAs indicate that these DNAs are single-stranded. Many features 
of these patterns are similar to those for vertebrate DMAs and papovavirus 
DMAs.
The DMAs from eight human adenoviruses give closely similar nearest- 
neighbour patterns. Apart from total base composition changes, no large 
differences were detected between DNAs of the non-oncogenio group, the 
we*3cly onccgmlc group and the hlgly oncogvnio group. *
Nearest-neighbour patterns of DMAs from different Eubacterla are 
similar; DMA from the photosynthetic bacterium Rhodosnirillum rubrum 
gives a distinct pattern. ' ■■r
. The nearest-neighbour patterns of DRA from Aspergillus nidulansls^ S ^  
from Drosophila nelanogaster are close to random. DMA from Rana catesbeiana 
gives a highly non-random pattern with a low frequency of the sequence CpC. 
This pattern is oharaoteristic of DMAs from all classes of vertebrates 
eramiaed.
The nearest-neighbour pattern of mouse main band DMA is close to that 
of the total DMA, but mouse satellite DMA gives a different pattern.
Other features of the satellite DMA can be correlated with the nearest- 
neighbour results. . - .
Theoretical models have been constructed for the nearest- neighbour
4pattern of Escherichia coll DIM, which account adequately for the observed 
pattern. Models for vertebrate DMA show that the low CpG frequency exerts 
a strong influence on the overall pattern.
The CpG Shortage in Vertebrate and Virus DMAs x In vertebrate MIA and in 
the DMAs of some small viruses of animals the dinuoleotide CpG occurs with 
exceptionally low frequency. This phenomenon has been investigated by 
examining the longer sequences in which CpG does occur. The general 
approach adopted was to make, vitro, radioactive RMA or DMA using animal
or virus DMA As template for suitable polymerases. Different aspects of 
the sequence structure of the tempête DMA were then examined by specific 
degradation and fractionation of t ^ 9 ^ 1 1 e d  copy.
It has been found that, in single-stranded DMA f*.*om the parvovirus »
,   _ _ _ _ _ _ _
MVM and S^^*8^Ele-strai^d DMA frod^Balf thymus, all fohr bases are f o W f y y ^
i f e  '
as immediate neighbours of CpG sequences. In MVM DMA the sequences to theL 
3'-side of CpG are pyrimidine rich; this probably applies also to calf 
thymus DMA. Therefore, if all the CpG sequences present have a positive 
function, this function is not dependent on neighbouring sequenoes, unless 
in a manner utilising a bias of base oostpoeition rather than an unique 
sequence.
Calf thymus DMA contains a non-random distribution of pyrimidine runs| 
an analysis of this phenomenon indicates a possible relation with the CpG 
shortage.
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